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THIN BRICK PAVEMENTS STUDIED 


REPORT OF ACCELERATED TRAFFIC TESTS Ne FIELD STUDIES BY THE BUREAU OF PUBLIC 
OADS 


Reported by L. W. TELLER, Engineer of Tests, and J. T. PAULS, Associate Highway Engineer, United States Bureau of Public Roads 


among engineers that brick less than 4 inches in 

thickness may properly be used in the construc- 
tion of brick pavements. Advocates of the thin- 
ner brick have contended that the 4-inch depth is 
unnecessary, and that brick of 3-inch thickness or even 
less would give equally satisfactory results, and the 
extensive and satisfactory use of 3% and even 3 inch 
brick in some parts of the country has apparently lent 
support to the contention. 


Bi emes has been manifest lately a growing belief 
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Fig. 1.—GENERAL PLAN OF Brick Test TRAcK 


~ If such a reduction in thickness can be made without 
impairing the service value of the pavement, and if the 
manufacture of the thinner brick is practicable, the 
resulting economy in the construction of brick surfaces 
would doubtless be very considerable; and the question 
is one which merits thorough investigation on that 
acccount. If, as experience has apparently demon- 
strated, the 314 and 3 inch thickness can be employed 
successfully, the investigation should confirm that fact 
and go further to the extent of ascertaining the least 
thickness practicable from the points of view of manu- 
facture, service, and cost. 

Recognizing the importance of the question the 
Bureau of Public Roads has undertaken to conduct 
such an investigation, in the course of which it has 


made a field study of the service behavior of brick pave- 


ments in which brick of less than 4-inch thickness have 
been used, and concurrently an accelerated traffic test, 
at Arlington, Va., on sections of pavement built of 
brick of different thickness and a series of laboratory 
tests on the brick used to determine their quality. 
Several plants manufacturing brick of less than 3-inch 
thickness have also been visited to determine the atti- 
tude of the industry toward the use of the thinner 
7594—26——1 








brick and to ascertain if their manufacture presents any 
particular difficulties. 


CONCLUSIONS INDICATED BY THE INVESTIGATION 


The several parts of the investigation have now been 
completed and the analysis of the data obtained seem 
to warrant certain conclusions, among which the more 
important are: 

1. That 2%-inch brick of the quality used in the 
Arlington traffic tests, when properly supported, will 
prove satisfactory for pavements carrying the heavier 
types of traffic. 

2. That brick of 2-inch thickness, when properly 
supported and of the quality used in the tests, will be 





" ‘ Beg. iene eae 
ies in fa we % : ; 
¥ B 


Fic. 2.— BRICKLAYER CLOSING IN A ‘‘DuTCHMAN.” Tuis FRA- 
TURE WAS NECESSARY TO COMPENSATE FOR THE CURVATURE 
OF THE TrEst TRACK 


adequate for pavements on streets carrying the lighter 
types of traffic. 

3. That a bedding course of plain sand is more effec- 
tive in reducing breakage of brick than a cement-sand 
bedding course, the breakage being much less on the 
former than the latter. The depth of the sand bedding 
course should not greatly exceed three-fourths inch. 
Increasing the depth tends to produce roughness in the 
pavement. 

4, That cobbling of the brick is greatly increased as 
the spacing between bricks is increased. 

5. That the use of excessive quantities of asphalt 
filler is a common and serious fault in construction, 
unnecessarily increasing the cost and resulting in a 
condition which impairs both the appearance and the 
serviceability of the pavement. 

6. That base construction of other than the rigid 
type may in many cases prove entirely satisfactory. 
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Macadam bases and those constructed of certain types 
of natural earth appear to be suitable when the local 
conditions are such that these types of construction 
maintain their stability throughout the year. 





Fira. 3.—Tyrr or Truck AND SoLip RUBBER TiRES UsEep Dur- 
ING THE First PHASE OF THE TEST 


7. That no difference in the base construction is 
necessary for the different thicknesses of brick. 


THE ACCELERATED TRAFFIC TESTS 


The accelerated traffic tests have been carried on at 
the Arlington Experiment Farm, Arlington, Va., during 
the last several months. Their object was to obtain 
data on the relative resistance to heavy-truck traffic of 
paving brick of the several thicknesses, and every 
effort was made, therefore, to eliminate all other 
variable factors which might influence the results of 
the tests, the only exception being the use of the two 
kinds of bedding course. Because of the opportunity 
afforded by the test to study the relative merits of the 
plain sand and cement-sand bedding, it was decided to 
include this feature, and accordingly the pavement as 
laid includes duplicate sections of each thickness of 
brick, one on each of the two types of bedding. 

In order to minimize the possibility of a variation in 
the quality of the brick used, they were all obtained 
from one manufacturer, and all are of the vertical- 
fiber, plain wire-cut, lugless type, 81% inches long and 
4 inches wide, the depths for the several sections being 
2, 24, 3, 3%, and 4 inches. 

A circular concrete base, which formerly had served 
in tests of bituminous pavements, was available and 
was used as a base for the brick sections. This base 
has a mean circumference of about 540 feet, is 13 feet 
wide, and at the beginning of these tests was in perfect 
condition. 

For the purpose of the brick test this circular base 
was divided symmetrically into 10 equal sections. 


On one-half of the circle the plain sand bedding course | 


was laid to a thickness of three-fourths inch; on the 
other half a 1:4 cement-sand course of the same 
thickness was used. On each type of bedding five test 
sections were constructed, one of each thickness of 
paving brick. Each section was about 45 feet long and 
between them the change of one-half inch in surface 
elevation made necessary by the change in thickness 
of brick was made in a transition section about 10 
feet long. 
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This change in elevation was accomplished by ad- 
justing the thickness of the bedding course over a 
length of about 3 feet in the center of the transition 
section, the bedding for this distance being stiffened 


by the addition of a small quantity of Portland cement. 


The general plan of the test track and the relative 
position of the various sections are shown in Figure 1. 

On account of the difference in circumference between 
the inside and outside edges of the track, it was neces- 
sary to give special attention to the manner in which 
the brick were laid around the circle; and it was decided 
that the best method would be to lay the brick in a 


series of short tangents and to join these tangents with 


“Dutchmen.”? One of these is shown in process of 
construction in Figure 2. In the track when completed 
there was one ‘“‘Dutchman”’ in the center of each test 
section and another in each transition section; and in 
this way a uniform width of joints was maintained 
throughout the entire pavement. 

After the brick were laid the pavement was rolled 
with a 3-ton tandem roller, and bricks which appeared 
to be damp were dried with a portable kerosene torch. 
This was followed by culling, after which the joints 
were filled with a squeegee coat of asphalt of 32 pene- 
tration, applied at a temperature of 375° to 400° F. 





‘ Sue oa xg 
Sots Se eo me ge ee Sy 
SDC OEE COD Ny POO Peas " <a w 


Fig. 4.—Truck WHEEL EQUIPPED WITH NONSKID CHAINS 
DURING THE SECOND PHASE OF THE TRAFFIC TEST 


The pavement was constructed late in November and 
on account of the low temperature considerably more 
asphalt adhered to the surface of the pavement than 
was desirable. Better filling of the joints would have 
resulted if higher air temperatures had prevailed. A 
light coat of sand followed the asphalt and another 
rolling completed the construction of the test pave- 
ment. All work was done by a contractor thoroughly 
familiar with brick pavement construction. 

Before traffic was applied the various sections were 
marked off with radial painted lines, and longitudinal 
traffic lines were also painted on the surface in order that 
the truck wheels might be confined to a path 30 inches 
wide and thus accelerate the test. 


The general plan was to apply 3«ton, 5-ton, and 74%-ton 


motor-truck loads a definite number of times on each 
test section and to observe the results. The first 
phase consisted of the application of these loads with 
motor trucks equipped with solid rubber tires in 
good condition, as shown in Figure 3. In the second 
phase the trucks were equipped with heavy nonskid 
chains on the rear wheels, as shown in Figure 4. The 
details of the loading program for the two phases of 
the test are given in Table 1. 
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TaBLe 1.—Loading program for the two phases of the accelerated | TaBLn 3.—Results of physical tests on the brick used in the test 


pavement at Arlington Experiment Farm, Va. 























Load | Number 
Maxi- : 
Rated | mum ae per | of trips 
load wheel sae aP an sacl test 
load width | section 
A. NE EE Ee 
| . Tons | Pounds Inches Pounds 
| 7 a 5, 800 40 by 10 580 10, 000 
5 7, 750 40 by 12 646 10, 006 
. 714) 10,570 40 by 12 881 20, 000 
| ‘fe SECOND PHASE 
} | } 
| | ne Chains aes. | 
Maxi- 0a ' um er 
| ated miu fe! me per _ of trips 
| toad | wheat | Tite Sive | Ptire | Di | Heleht oor" each test. 
Se width aac erat Per. _ section | 
| 
| Tons | Pounds Inches | Pounds | Inch | Inches 
| 3 5, 800 40 by 10 580 1% 7 10, 000 
: 5 7, 750 40 by 12 §46 ly 1% 8 10, 000 
744 10,570 40 by 12 881 % 1% 8 2, 200 











The base of the test track was originally constructed 
with superelevation for a speed of 9 miles per hour. 
It was thought that this speed was too low for repre- 
sentative traffic, and during the tests without chains 
a speed of 12 miles per hour was maintained. This 
caused a difference in pressure under the two rear 
wheels, the effect of which will be discussed later. 

During the second phase of the test it was found that 
the trucks could not maintain a speed of over 9 miles 
per hour without overheating because of the heavy 
chains, so this speed was used throughout this part of 
_ the traffic test. 


| RESULTS OF THE ACCELERATED TRAFFIC TEST 


The results of the accelerated traffic test as measured 

by the percentage of the total number of brick in the 

_ two 30-inch wheel strips of each section, broken trans- 
: versely under each load in the two phases of the test, 
are shown in Table 2. The same data expressed in 
numbers of broken brick, graphically for the 2-inch 
__ brick and in tabular form for the other thicknesses, are 
_ shown in Figure 5. These are the data from the traffic 
| test. The results of the physical tests of the brick and 
_ the compression tests made on brick taken from the 
pavement after the completion of the trafic tests are 
shown in Tables 3 and 4, respectively. 





Ne 








pe ak 


TABLE 2.—Percentage of total number of brick in the two wheel 
strips of each section, broken transversely under each load 
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Thickness of brick 

i 2-inch 24-inch 3-ineh 3%-inch 4-inch 

Tire condi- um’ Rated ; , eG “ae ; 
? tion Per of Vicad | 3 [2y| Bley 3 l4z!| B ley] B lez 
P| P , mM ioa| @ |oa cs ilies Lact | | Some 
 - Te KS coh a | |. a es ep |e nN |\Oa 
b Plain solid Tons | P. ct.|P. ct.| P. ct.| P. ct.\ P. ct.| P. ct.) P. ct.| P. ct.| P. ct.) P. ct. 
| 10, 000 3 |0.0/0.0/0.0/0.0|)0.0|0.0)0.0/0.0/0.0| 0.0 
1, OOO Ss MER 2h Ot Ob Ot .0 1 .-R .0) .0 0 
‘ 10,000 | 734|5.6 11.8] .2/ .3} :0] .0|] .0| .4] .0| .2 
10, 000 7) 3.5 | 46 0 0} .0/; .0; .0; .0| .0 0 
& 2 a oe egies | Fee) ao) 20.) c0l"4] 20)" 2 

Withnonskid | 

= chains... 10, 000 Fer Le | mOte wo) ae OP Ot | <0 0 
10, 000 5 5 | 3.1 0 et 1; .0) .0 a | 
: Pete.) oO) 0) 0) 20) 20] 0 
. i con 1.9 10.2 0} 1.0) .3| 0] .1) 1] .0| .1 


























Modulus of rupture 
Brick , Rattler | Crushing 
thick- | loss by ‘strength on 
ness weight | Tested flat | Tested on edge 
Lbs. per Lbs. per Lbs. per 
Inches | Per cent sq. in. sq. in. sq. in. 
2 22.8 2, O88 1, 991 10, 240 
214 18.8 2, 461 2,197 12, 5380 
3 19.0 2,115 1, 964 10, 770 
3% 17.0 2, 233 2, 146 10, 916 
4 16.8 2, 1417 1, 998 10, 850 

















TABLE 4.—Results of compression tests on the different sizes of 
brick in various conditions taken from the test pavement after the 
completion of all traffic 


Average crushing strength oe edge (pounds per square 
inch) 











Condition of cob- fete 
bing | ness | Not 
broken ; 
trans- |——— 
versely iy 
Inches' 
Minimum_-__-_-_-_-_---| Dy POO, Keen aie 
AVOTESO. ooo 2; 8,490] 7,550 
IVEAXITU Ts... weir ree 2! 7,490} 7, 520 
Minimiint. 2.2.24 5 | 9,340 love zenu 
BR VOPR Peo eo 255) | O,240 thew cole 
MarimMnit bens 2% | 8, 300 |..--.... 
Minimum. 2......2 Sel) Oy, eta ee 
Average.....-.- SaEk Se Ss AD Te oe pee 
VERITY oon ee | A te 
Minimigim: | sss 5222 eon |). ROO Naas coo 
ANVETAPO I An) 34%. |: .9, 816. Loe su 
WiAxi iti... 2 cto a...) 6 ee 
Minimiunt oon... | Bf EO hn ete 
A VOTOPE NS. ee oe ih *2, ORR Fe ---2 2 
IUCr) ae Oi 10, FaO ps2 oo 

















occurred ! 








Traflic stage in which transverse break 
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9, 570 








1 Traffic stages. 


A. Includes 10,000 trips with 3-ton Joad and plain solid tires (in which no breaks 


occurred) and 10,000 trips with 5-ton load and plain solid tires. 


traffic are indicated in the photographs by a solid circle. 
B. Includes A plus 10,000 trips with 74-ton load and plain solid tires, Breaks 
under this traffic are indicated in the photographs by an open circle. 
C. Includes A and B plus 10,000 trips with 74-ton load and plain solid tires 
Breaks under this traffic are indicated in the photographs by a triangle. 
D. Includes A, B, and C plus 10,000 trips with 3-ton load and plain solid tires with 


nonskid chains. 
single line. 


Breaks under this 


Breaks under this traffic are indicated in the photographs by a 


E. Includes A, B, C, and D plus 10,000 trips with 5-ton load and plain solid tires 
Breaks under this traffic are indicated in the photographs by 


with nonskid chains, 
a cross. 


F. Includes A, B, C, D, and E plus 2,200 trips with 714-ton load and plain solid 


tires with nonskid chains. 


graphs by an open square. 


Breaks under this traffic are indicated in the photo- 


From a study of the graphs in Figure 5 it will be seen 


that: 


1. Practically all transverse breakage occurred in the 
2-inch brick sections. 
2. Within the limits of the test, resistance to breakage 
by the 24-inch brick appears to have been but slightly 
less than that of the thicker brick. 
3. Breakage in sections laid on sand bedding is less 
than half of that occurring in sections laid on cement- 


sand bedding. 


4. The greatest amount of breakage occurred during 
the application of the 7)4-ton load with plain solid 


tires. 


5. The greatest increase in breakage occurred during 
the first 10,000 trips of the 714-ton, plain-solid-tired 


traffic. 


6. The rate of breakage greatly decreased under the 
traffic following completion of the 714-ton, plain-solid- 


tired traffic. 


The high resistance to breakage shown by the 
21%-inch brick was one of the important results ob- 
The slightly better quality in- 


tained from this test. 


dicated by the physical tests can only partially explain 
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NONSKID CHAINS ON 
PLAIN SOLID RUBBER TIRES PLAIN SOLID RUBBER TIRES 


. . : 73TON LOAD 
3-TON LOAD 5-TON LOAD 73-TON LOAD 3-TON LOAD 5-TON LOAD RIGHT WHEEL LOAD 


RIGHT WHEEL LOAD S800LB5 | RIGHT WHEEL LOAD 7750 LBS. RIGHT WHEEL LOAD !0S70LBS. RIGHT WHEEL LOAD S8O0LBS. | RIGHT WHEEL LOAD 7750 LBS. 10S70 LBS 
580 LBS.PER INCH WIDTH 646 LBS.PER INCH WIDTH 881 LBS.PER INCH WIDTH 580 LBS.PER INCH WIDTH LBS.PER INCH WIDTH 
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NUMBER OF BROKEN BRICKS IN EACH SECTION 









BREAKAGE OF OTHER SIZES 


j BREAKAGE OF OTHER SIZES 

25-INCH-FIVE 25-INCH-FIVE 
35-INCH-ONE 4-1NCH- ONE 

NONE ON OTHERS NONE ON OTHERS 






NONE 
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TONNAGE - THOUSANDS OF TONS 


NUMBER OF TRIPS-THOUSANDS 


Fia. 5.—ReEsvutts of THE ACCELERATED TRAFFIC TEsT AS MEASURED BY THE NUMBER OF BRICK IN THE 30-INcH WHEEL STRIPS 
or Eacu Section, BROKEN TRANSVERSELY UNpER Eacu LoAp IN THE Two PHASES OF THE TEsT; AND CURVE SHOWING THE 
TONNAGE TO WHICH THE Brick WERE SUBJECTED 
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the remarkable strength of this brick under severe 
traffic conditions. 

The marked contrast in breakage occurring on the 
two types of bedding course strikingly demonstrates the 
superiority of the plain sand over the cement-sand 
bedding, at least for the heavy-traffic pavements. 

The higher rate of breakage which occurred during 
the early traffic, as shown in Table 2 and Figure 5, is 
probably explained by variation in the quality of the 
brick. It is probable that there were in each section 
certain brick slightly warped or of poorer grade, and 
these, breaking under the lighter loads, would tend to 
increase the early rate of breakage. 

The greater breakage occurring under the outer 
wheels in the tests made with plain solid tires is shown 
by Table 5. This is the condition previously referred 
to and attributed to the fact that the trucks when 
equipped with plain solid tires were operated at a 
speed of 12 miles per hour whereas the pavement was 
superelevated for a speed of 9 miles per hour. The 
greater load which, under this condition, would be 


thrown upon the outer wheel, is doubtless the cause of | 


the greater breakage which is shown by Table 5 to have 
occurred in the outer wheel strip under the plain 
solid-tired traffic. In the tests made with nonskid 
chains on the rear wheels the speed of the trucks was 
reduced to 9 miles per hour and it will be seen from the 
table that the breakage in the two wheel strips in this 
phase of the test was more nearly equal. 


TaBLE 5.—Transverse breakage occurring in the 2-inch brick 
sections under the outer and inner wheels 




















Number of brick 
broken pb a 
versely 
- a Rated | Number 
Tire condition Speed loa of trips 
Inner | Outer 
wheel | wheel 
Tons 
Plain solid tires_...-....--- 12 miles per hour-- 3 10, 000 0 0 
5 10, 000 2 34 
744) ~=10, 000 19 149 
74%! ~=10, 000 10 63 
Nonskid chains on plain | 9 miles per hour..- 3 10, 000 45 18 
solid tires. 5 10, 000 20 22 
7% 2, 200 12 4 








CONDITION OF THE TEST PAVEMENT AFTER COMPLETION OF 
ACCELERATED TESTS 


Although the amount of transverse breakage has 
been taken as the criterion of the relative service of the 
several thicknesses of brick it must be understood that 
the transverse breakage alone did not materially affect 
the condition of the pavements. ‘The broken portions 
remained in position, and under the plain-solid-tired 
traffic did not ravel or scale at the cracks except in the 
2-inch sections. The number of brick broken during 
the entire test was less than the number that would 
ordinarily be broken during the rolling of a brick 

pavement. 
' Figures 6 to 10, inclusive, show the condition of the 
several brick sections at the completion of the plain- 
solid-tired traffic; and it will be observed that the dam- 
age in all sections was practically limited to transverse 

breakage. Practically all the cobbling resulted from 
_ the operation of the traffic equipped with nonskid 
chains, and the greater part occurred during the early 
stages of this traffic. It seemed that after the corners 











of the brick had become slightly rounded, further 
rounding took place very slowly. The spacing between 


2-IncH BRICK ON SAND-CEMENT BEDDING 





CLOSE-UP VIEW OF 2-INCH BRICK ON SAND-CEMENT BEDDING 


Fic. 6.—CoNDITION OF THE 2-INcCH BricK SuRFACE AFTER THE 
COMPLETION OF THE PLAIN-SOLID-TIRED TRAFFIC. BROKEN 
BricK ARE MARKED WITH WHITE PAINTED SYMBOLS THE 
SHAPE OF WHICH INDICATES THE AMOUNT OF TRAFFIC WHICH 
HAS PASSED OVER THE SECTION Up To THE TIME THE BREAK 
OccURRED. For EXPLANATION OF SYMBOLS SEE TABLE 4 


the brick appeared to be a controlling factor in the 
amount of cobbling which took place; and brick laid 











Fic. 7.—ConpDiITION OF THE 214-INcH BrRiIcK SECTION LAID ON 
SAND BEDDING AFTER COMPLETION OF THE PLAIN-SOLID- 
TiRED TRAFFIC 





EMS Sees es 
Fig. 8.—ConpDITION OF THE 3-INcH Brick SEcTION AFTER 
COMPLETION OF THE PLAIN-SoLID-TIRED TRAFFIC. THERE 


Was No APPARENT DIFFERENCE BETWEEN THE SECTIONS 
ON SAND AND CEMENT-SAND BEDDING COURSES 


Fic. 9—ConpDITION oF THE 344-INcH Brick SecTIoN AFTER 
COMPLETION OF THE PLAIN-SoLip-TirED TRAFFIC. 'THERE 
Was No ApparENT DIFFERENCE IN THE SEcTIONS Larp 
On tHE Two BEDDING CouURSES 
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Fie. 10.—ConpbItTIoN or THE 4-INcH Brick Section. IN THis 
Cass ALso THERE Was No APPARENT DIFFERENCE BETWEEN 
THE SECTIONS ON THE Two BEpDING COURSES 


with a wide spacing consistently showed greater cob- 
bling. Edges of the cracks formed in broken bricks 
were rounded about the same amount as the original 
edges of the brick. 

The condition of the brick in the several sections 
after the completion of the chain-equipped traffic is 
shown in Figures 11, 12, and 13. It will be noted that 
very little difference is apparent between the condition 
of the 24%, 3, 3%, and 4 inch brick sections, all being 
in almost perfect condition at the completion of the 
traffic test. The sections of 2-inch brick, on the other 
hand, show marked effects of the heavy traffic. 


TEST TRAFFIC COMPARED WITH TRAFFIC ON ACTUAL HIGHWAYS 


It will be seen from the tonnage curve in Figure 5 
that a total of 62,200 trucks passed over the 30-inch 
strips of the test pavements, that about one-third of 
these were equipped with the heavy nonskid chains, 
and that the total tonnage moved during the period of 
the test amounted to approximately 630,000 tons. 

A quantitative comparison of the traffic applied to 
the test sections with the actual traffic using a few 
heavy-traffic highways is made possible by the studies 
previously made by the Bureau of Public Roads of the 
transverse distribution of truck traffic on paved high- 
ways of various widths.’ Using the data from these 
studies it is possible to estimate the maximum concen- 
tration of actual traffic on a strip of any given width 
in terms of a percentage of the total traffic. Applying 
these percentages to the known traffic on certain 
heavily traveled highways it is possible to approxi- 
mate the maximum amount of traffic passing over a 
strip of these highways 214 feet wide corresponding 
to the width of the traffic lanes on the test track. 

For purposes of comparison in this manner certain 
highways in Cook County, Ill., have been selected. 
According to the survey of traffic on the highways of 
the county made by the Bureau of Public Roads and 
local authorities,’ the truck traffic on these highways, 
shown in Table 6, is the heaviest to be found on any 
highways in the county. It is interesting to note, 


1 Transverse Distribution of Motor Vehicle Traffic on Paved Highways, by J. T. 
Pauls, PuBLIcC ROADs, vol. 6, No. 1, March, 1925. 

*Highway Traffic and the Highway System of Cook County, IIl., by the Bureau 
of Public Roads and the Cook County Highway Department. 
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therefore, that the traffic of trucks of the several ca- 
pacities applied to the test track is equivalent to the 
corresponding traffic over these highways in periods 
of from 2 to 146 years, as shown by Table 7. In terms 
of total tonnage the test traffic is equivalent to five 
years of traffic on the most heavily traveled of these 
important motor truck arteries. 


TABLE 6.—Daily loaded truck traffic on several highways in Cook 
County, Ill., 1925 























Capacity of trucks 
Width . | ~ -\, = =| Total 
fo ) 
Name of highway of | 3 to4tons | 5to54 tons | 6to 716 tons ton- 
ment | 
Ton- Ton Ton 
No. ‘nage No. | nage No. nage 
Feet | 

Waukegan Road....-_..._-._- 18 19; 1438 18 | 190 8 | 120 450 
: 0). - Se so ee 18 20 150 57 599 3 45 794 
Lincoln Avenue_-_._-.-.-.-.-- 18 14 105 23 242 g 135 | 482 
Dempster Street....._...____- 18 3 23 6 63 ] 15 101 
Halsted"Street_...........-..- 18 32 | 240 35 | 368 1 15 §23 
Ogden Avenue-_...-..--.____- 24 167) 5t0 29 | 305 3 45 920 











TABLE 7.—Length of time required for selected pavements in Cook 
County, Ill., to carry on two 80-inch strips, traffic in number of 
vehicles and tonnage equivalent to that applied to the test pavement 






































Capacity of trucks 
to4t to5%4t to 714 M 
Name of highway 3 to 4 tons 5 to 51% tons 6 to 714 tons vel 
age 
By |Byton-| By /|Byton-- By | By ton-| 
trips nage trips nage trips nage 
Years | Years | Years | Years | Years | Years | Years 
Waukegan Road_-._____- 7 7 “ 7 18 18 | 9 
Waukegan Road_-_____- ff 7 2 Zz 48 48 | 5 
Lincoln Avenue..._____- 9 9 6 6 16 16 9 
Dempster Street_______- 4 44 2 Ze 146 146 45 
Halsted Street______.__. 4 4 4 4 146 146 7 
Ogden Avenue_______-.- 2 2 5 a oT Ay 5 





In the above evaluation of the traffic applied to the 
test sections only a few of the most important truck- 
carrying highways were used for comparison. A more 
equitable comparison would probably be obtained were 
we to use the average of the truck traffic on the Cook 
County highway system. Compared in this way the 
traffic on the test sections is shown by Table 8 to be 
equivalent to the average traffic using all highways in 
the county in 18 years, and the test traffic of 6 to 714 
ton trucks to be equivalent to the corresponding actual 
in 70 years. | 


TABLE 8.—Average trips and tonnage of the several sizes of trucks 
passing over the highways of Cook County, Ill., and the time value 
of the test traffic, based on an 18-foot two-way pavement 








Average truck traffic | “ 
on. Cook County | pe eae 
highways |" traffic 
Capacity of trucks ' equivalent 

Approxi- | to that 

Trucks per |; ae ton- | on test 

day age sections 

Years 
IN sence n----------- 16 121 8 
0 Se 9 95 | 14 
Gere oms... ee 2 30 | 70 
Pomme eee... .-.-.--------..---.-- 27 246 18 








Both the plain-tired and the nonskid-chain-equipped 
traffic applied to the test pavement was used in making 











the comparison shown in Tables 7 and 8. To obtain a 
comparison of that portion of the test traffic equipped 
with chains with similar traffic on actual highways, it 
is necessary to make an estimate of the portion of the 
year during which such traffic passes over the highways. 
It is believed that by estimating the yearly duration of 
this type of traffic at two months, ample time is allowed 
to cover the most severe conditions. On this or any 
other reasonable basis of comparison it will readily be 
seen that the test traffic with chains was far greater 
than any that could possibly come on any actual high- 
way during the life of the pavement. 


THE RESULTS OF THE PHYSICAL TESTS OF THE BRICK 


The quality of the brick used in the several test sec- 


‘tions is shown by the results of the physical tests re- 


corded in Table 3. These tests indicate that the brick 
used in the test pavement were of about average quality, 
though some difference appears to exist in the quality 
of the different sizes. 

Rated according to their moduli of rupture and crush- 
ing strength the test results indicate the order in 
quality of the different sizes to be as follows: 24-inch 
(best); 314-inch; 4-inch; 3-inch; 2-inch (poorest). 

The rattler losses, on their face, indicate a different 
order; but it has long been recognized that for brick of 


equal quality but different in size, the comparative 


rattler losses are not directly proportional to the 
differences in weight. Engineers have recognized the 
injustice of specifying the same percentage of wear for 
different thicknesses, and have adopted, very generally, 
the practice of allowing some tolerance for the thinner 
brick in comparing their rattler loss with that specified 
for the thicker brick. 

It is apparent that the loss in the brick undergoing 
the rattler test is more nearly a function of the total 
length of edge than of the weight of the brick. In 
view of the increasing use of the thinner brick, it 
would seem, therefore, that some modification in the 
standard rattler test should be made so as to make it 
applicable to sizes of brick differing from that of the 
original standard block. Until such a modification 1s 
adopted, however, it will be necessary to correct the 
observed losses for the various sizes of brick so as to 
convert them to a comparable basis. 


Applying the corrections recently suggested by the 
Bureau of Public Roads,*® to the rattler losses of the 
various sizes as shown in Table 3, the order of quality 
of the different sizes of brick used in these tests is 
brought into conformity with that indicated by the 
modulus of rupture and crushing strength tests. 

The results of the compression test made on the 
brick taken from the test pavement after the com- 
pletion of all traffic are given in Table 4. In making 
this test it was hoped to correlate the result of this 
test with service behavior. Comparing the crushing 
strength of the different brick with their condition 
after the test, it will be noted generally that good 
conditions both as to rounding and breakage were 
characteristic of the bricks giving the higher crushing 
results, while broken or badly rounded brick gave 
consistently lower values. 

A striking point noticed in the data from the com- 
pression tests on the brick which had carried traffic was 
the consistently lower value obtained from this test as 





3 Effect of Size of Brick on Rattler Loss, by F. H. Jackson, PUBLIC Roaps, vol. 7, 
No. 5, July, 1926. 
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compared with the result of the same test on brick | did not agree with those obtained in the former series 
that had not been subjected to the heavy test traffic.| of tests. It appeared that the difficulty might be, 
It was first thought that this might be an indication | and probably was, due to the failure of the capping 
of fatigue in those brick which had carried the heavy | on the worn brick. Accordingly transverse bending 


2-IncH Brick OR SAND-CEMENT BEDDING 2-InNcH BrRicK OR SAND BEDDING 


214-Incu Brick 3-INcH Brick 


314-Incu Brick 4-INcH BrIckK 


Fig. 11.—Looxinac Down on THE SeVERAL SEcTIONS AFTER COMPLETION OF THE CHAIN-EqQuiprpED TRAFFIC. NONE BUT THB 
2-Incu Brick SHOWED SUFFICIENT BREAKAGE TO JUSTIFY A CONCLUSION AS TO THE EFFECT OF THE TyPsE or BEDDING. 
For EXPLANATION OF SYMBOLS SEE TABLE 4 


continuous traffic of the test. In order to obtain more | tests were run on brick which had carried traffic and 
data on this point additional tests were made. At|on those which had not and these results did not 
first, a series of check compression tests was run. | show the reduction in strength indicated by the com- 
These test data, although consistent in themselves, | pression tests. 
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THE FIELD SURVEY . 
Pavements in which brick less than 3 inches in depth 


By making a condition survey of thin-brick pave-| have been in service for a considerable length of time 
ments in actual service, and by obtaining information | are practically limited to portions of Texas, Louisiana, 
from local engineers and highway officials regarding | Oklahoma, and Nebraska. The field survey was thus, 





2-Incn Brick on SAND BEDDING 
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214-IncH Brick on SAND-CEMENT BEDDING 214-Incn Brick oN SAND BEDDING 





3-INcH BRICK ON SAND-CEMENT BEDDING 3-IncH Brick ON SAND BrppING 
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4-IncH Brick oN SAND-CEMENT BEDDING 4-Incn Brick on SAND BEDDING 


Fie. 12.—Looxine Across THE SEVERAL Sections AFTER COMPLETION OF THE CHAIN-TIRED TRAFFIC, SHOWING THE BREAK- 
AGE AND DEGREE OF COBBLING 


such factors as construction, age, climatic conditions, | of necessity, confined to this section. Every effort was 
traffic, and maintenance, it has been possible to arrive | made to obtain, through consultation with local engi- 
at some conclusion as to the merits of the thinner|neers and highway officials, accurate information 
paving brick in actual service. regarding all conditions which might influence the 
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behavior of each pavement, and also their views as to 
the adequacy of the particular pavement to meet the 
traffic requirements. 

Special attention was paid to the effect of the first 
attempt at using thinner brick on the subsequent policy 
with regard to brick thickness, using this criterion as a 
measure of the sufficiency of the design. The first 
thin brick pavement laid in a community in many 
cases can be classed as an experiment but similar con- 
struction later may be taken as an expression of the 
satisfaction of the community with the type of con- 
struction. 





Fic. 13.—Brick or THE DIFFERENT S1zES TAKEN FROM THE 


Test PAVEMENT AFTER TRAFFIC. THE GROUP SHOWS THE 
EXTREME VARIATIONS IN THE CONDITION OF THE BRICK 
AFTER THE SERVICE TESTS 


This survey involved a detailed inspection of the 
condition of several million square yards of pavements 
in which brick of 24% and 214 inch thickness were used. 
Data on age, type of construction, type of traffic, 
maintenance, and other influencing factors were ob- 
tained for each pavement inspected. 


OBSERVATIONS MADE DURING THE FIELD STUDY 


The following paragraphs give condensed information 
with regard to the condition of the brick pavements 
inspected which were built with brick under 3 inches in 
thickness. The condition reported is that which 
existed in February, 1926. 

Greenville, Tex—lLocated in the black waxy soil 
area, an unusually bad subgrade condition. This was 
the first city to lay brick flat, and to use bricks of 214- 
inch thickness. 

Approximately 12,000 square yards of 214-inch re- 
pressed brick was laid on Main Street during 1905-06. 
The brick were laid on a 5-inch pit-run-gravel concrete 
base, and 14-inch sand cushion with a filler of 1:2 
grout. 

This pavement has had heavy traffic, a large amount 
of which has been in steel-tired vehicles. Very little 
breaking, rounding, or cobbling has taken place, the 
pavement being in excellent condition except at a few 
places where breaks in the base have occurred (fig. 14). 

Approximately 90,000 square yards of brick pave- 
ment was laid during 1914, using 21-inch wire-cut, 
vertical-fiber brick. The construction consisted of a 
4-inch concrete (1:7 pit-run gravel) base, 14-inch sand 
bedding, and asphalt filler (penetration 57). 

These pavements were in nearly perfect condition 
although they had received no maintenance except at 
a few locations where failures in the base, brought on 
by the unusual, unstable subgrade, had occurred. 

Sulphur Springs, Tex—Better subgrade conditions 
than at Greenville. Paved streets carry traffic occa- 
sioned by surrounding rich agricultural area (fig. 15). 











Approximately 60,000 square yards of 24-inch brick 
were laid on Main Street and Square during 1915. The 
construction was 4-inch concrete (1:7 pit-run gravel) 
base, l-inch sand bedding, and asphalt filler (penetra- 
tion 57). 

The condition of these pavements was nearly perfect; 
very few brick had broken and very little cobbling had 
taken place. They had received no maintenance ex- 
cept on a short portion of Main Street where additional 
asphalt filler had been recently applied. 


Connolly Street paved with 3-inch brick during 1915 
appeared to be in no better condition than the 214-inch 
brick laid during the same year. 


Tyler, Tex.—This city is located in the iron-ore belt. 
The soil should make a very stable subgrade for any 
type of pavement. The traffic on some of the strreets 
is fairly heavy. 

A considerable number of 3-inch brick were laid dur- 
ing 1920 on a natural soil base and some on old water- 
bound macadam surface. Both types of pavement 
were in nearly perfect condition, although they had 
had no maintenance prior to the date of inspection. 
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Fic. 14.—Main Street, GREENVILLE, Tex. DETAIL VIEW OF 
THE 214-Incu REPRESSED Brick SuRFACE Laip 1905-06 


When the inspections were being made 140,000 square 
yards of 21-inch brick pavement was being laid on 
several streets of the city, the new pavements being 
laid on 4-inch concrete (1:6 pit-run gravel) base, with 
a l-inch sand bedding and asphalt filler. 

The Cotton Belt Railroad has built 214-inch brick 
pavements on 6-inch concrete base along the unloading 
tracks in its freight yards. 

Temple, Tex.—This city is in the black waxy soil area. 
The surrounding country is a rich, agricultural district 
and traffic on many of the city streets is heavy. 

Approximately 40,000 square yards of 21-inch brick 
were laid on Main and other streets during 1915. The 
construction was as follows: 4 to 5 inches of concrete 
(1:8 pit-run gravel) base, 1-inch sand bedding and 
asphalt filler. The condition of these pavements at the 
time of the inspection was good, although some failures 
had occurred in the bases apparently from bad subgrade 
conditions (fig. 16). 

From 1923 to 1925, 60,000 square yards of 24-inch 
brick were laid, the construction being the same as in 
1915, using the 4-inch concrete base on residential 
streets and 5 inches on business streets. 





September, 1926 








PUBLIC ROADS 








Fig. 15.—Pusuic Square, SuLPHUR SprINGS, TEX. 


BASE WITH 


Prior to 1923 some of the pavements constructed 
were built of 3-inch brick; since then only the 21-inch 
size has been used. No difference in the condition of 
streets paved with the 3 and 2% inch brick was appar- 
ent at the time of the inspection. 

Fort Worth, Tex.—This city is using 21-inch brick 
on residential and outer business streets. The con- 
struction is 5-inch (1:3:5) concrete base, 1-inch sand 
bedding and asphalt filler. 

Victory Boulevard was paved during 1925 with 21%- 
inch brick, laid on a 5-inch (1:3:35) concrete base 
with l-inch (1:4 cement-sand) bedding and asphalt, 
filler (penetration 57). This street has a very heavy 
truck traffic to and from the wholesale district of the 
city. The condition of the pavement was nearly 
perfect when inspected and no ill effect of the heavy 
truck traffic was visible. 

Okmulgee, Okla.—A great deal of oil field traffic is 
carried over the city streets. The old brick pavements, 
in particular, have been subjected to a large amount of 
steel-tired traffic. 

From 1916 to 1923, 220,000 square yards of 214-inch 
brick was laid on 4 14 to 5 inch (1:3:5) concrete base, 
with 1}4-inch sand bedding and asphalt filler. Most of 
these pavements were in good condition when inspected 
and had required no surface maintenance. The portion 
built during 1916 was of a local and inferior brick and it 
had cracked and cobbled badly. 
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Two AND ONE-HaALF-INcH Brick Laip 1N 1915 on a 4-INCH CONCRETE 
l-INcH Sanp BEDDING AND ASPHALT FILLER 


About 30,000 square yards of 3-inch brick was laid 
during 1921. None of this size has been laid since. 

Henryetta, Okla.—The streets in this city carry heavy 
traffic to and from the surrounding oil and coal fields. 

During 1918, 1920, 1922, and 1923, 200,000 square 
yards of 214-inch brick were laid on 5-inch (1:3:5) 
concrete base, with l-inch bedding and asphalt filler. 
These pavements were in perfect condition and had 
received no surface maintenance. 

About 25,000 square yards of 38-inch brick were laid 
during 1917. This portion had been refilled with 
asphalt; and no brick of this thickness had since been 
laid. 

Wetumka, Okla.—The streets carry heavy 
cotton traffic. 

About 12,000 square yards of 3-inch brick and 50,000 
square yards of 214-inch were laid during 1924 and 
1925. The construction was: 5-inch (1:3:5) con- 
crete base, l-inch sand bedding and asphalt filler 
(penetration 55). An excessive quantity of filler was 
used during construction and was still on the surface 
when inspected. Shoving and peeling of this mat will 
very likely cause a rough surface. 

Okeemah, Okla.—The principal streets carry heavy 
traffic from the surrounding oil fields. 

About 35,000 square yards of 214-inch brick were 
laid during 1920. The construction was: 5-inch 
(1:3:5) concrete base, l-inch sand bedding, grout 


oil and 
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Main Street—214-Incu Brick on A 5-[Ncu ConcreTE Base, 
l-INcn SAND BEDDING AND ASPHALT FILLER 
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RESIDENTIAL STREET—214-Incu Brick on A 4-INcH CONCRETE 
Bass, 1-IncH SAND BEDDING AND ASPHALT FILLER 





Iie. 16.—Conpition or Brick Lain at Tempe, Tex., 1n 1915 
ON MAIN SrreeT AND A RESIDENTIAL STREET 


filler on a portion of Main Street and asphalt on the 
other pavements. These streets were in nearly perfect 
condition when inspected in February 1926 (fig. 17). 

Oklahoma City, Okla.—About one-half mile of 18-foot 
pavement was laid with 2'%-inch brick during 1918. 
This pavement is on the main entrance to the city and 
carries very heavy trafic. The construction was: 
4-inch (1:3:6) concrete base with monolithic 4-inch 
concrete curbs, l-inch sand bedding, and asphalt filler. 
It was in nearly perfect condition, there being very few 
broken bricks and very little cobbling. It had had no 
surface maintenance (fig. 18). 


Oklahoma County, Okla—The county is building 5 
miles of 18-foot brick pavement using 24-inch brick on 
the same approach to Oklahoma City. The construc- 
tion is: 5-inch (1:3:5) concrete base with 6-inch 
monolithic curbs. The base is being built with a 
floated finish, and 1-inch asphalt-filled transverse 
expansion joints are being put in the base about every 
40 i A three-fourth inch thickness of sand bedding 
is used. 


Ponca City, Okla.—Streets in this city have unusually 
heavy traffic because of the large oil and refining 
industry which centers in and around the city. The 
maim streets are said to have greater traffic than any 
other city streets in Oklahoma. 

Only 214-inch brick have been used in this city, and 
of these about 500,000 square yards have been laid 
since 1919, including 50,000 square yards on Main 
street during 1919, 38,000 square yards during 1921 


on an old 7-inch macadam surface, and 4,000 square 
yards on a new 7-inch macadam during 1924. All 
these pavements were in almost perfect condition and 
had had no maintenance up to the date of the inspec- 
tion. 

Prior to 1921 the pavements were laid on a 1:5 
cement-sand mortar base. For this, in the pavements 
built during 1921 and later, there has been substituted 
a 4-inch (1: 3:5) concrete base. In all pavements the 


bedding course has been 1 inch of sand, and the filler 
has been 39-penetration asphalt. 


These have been 





hia. 17.—Detain Virw Snowtnc ConpiTion IN FEBRUARY, 
1926, or THE 214-INcH Brick Laip ar OKEEMAH, OKLA., IN 
1920 on a 5-Incu ConcreTE Base witH Grout FILLER 
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Fic. 18.—Derrait Virw oF THE CONDITION IN FEBRUARY, 1926, 
oF THE 214-INcH Brick Laip ON THE Main APPROACH TO 
OKLAHOMA City. THE BrICK WERE LaIpD IN 1918 ON A 
4-Incu (1:3:6) ConcrRETE BasE anp 14-INcH Sanp BeEp- 
DING WITH ASPHALT FILLER 


used with the macadam bases also. In preparing the 
old macadam a certain amount of shaping was neces- 
sary. 

Tonkawa, Okla.—This city is in the oil-field area and 
the principal streets have very heavy traffic. About 
35,000 square yards of 214-inch brick were laid during 
1919 on Main Street and about 75,000 square yards of 
the same size were laid during 1922 and 1924. The 
portion built during 1919 was laid on a 4-inch (1:4 
cement-sand mortar) base, with 14-inch sand bed- 
ding and 1:3 grout filler. Asphalt was used as a 
filler in the later work. Expansion joints were placed 
in the surface every 20 to 30 feet. No difference in the 
condition of the grout-filled and asphalt-filled surfaces 
was apparent (fig. 19). 


Blackwell, Okla—There is heavy traffic on all the 
principal streets. 
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About 114 miles south of the city on the main high- THE INDICATIONS OF THE FIELD STUDY SUMMARIZED 


way north and south, 1,000 linear feet of 18-foot 
a, concrete pavement was surfaced with 214-inch A steady growth in the use of brick of less than 3-inch 
brick during 1920. This surface is in perfect condition. | ‘ epth is shown by the field survey. Numerous com- 
Two hundred thousand square yards of the same munities were found which have adopted the thinner 
Se buick were laid durins 1914. the construction brick for use on some or all of their streets. Although 
being 4-inch (1:5 caemeniimenn mortar) esa aniewala the earlier work may be classed as experimental, as 
nits eid ceme@itorout filler. Transverse indicated by the small quantities put down and by the 
= * . ° 
expansion joints were put in the erout-filled surface type of street selected for paving, subsequent paving 
every 40 feet with the thin brick in larger quantities and on streets 
carrying heavier traffic may well be taken as an expres- 
sion of the satisfaction of the community with pave- 
ments of this type. 


During and since 1922, 125,000 square yards of 
24-inch brick have been laid, and in this construction 
asphalt (penetration 39) has been used in place of} Table 9 shows a summary of data from some of the 
grout as a filler. cities covered by the field survey in which brick of less 

All these surfaces were in excellent condition when } than 3-inch thickness are used almost exclusively, which 
inspected, very few broken brick being noted. indicate these tendencies. 

The pavements built with 2'%-inch brick, in most 
cases, were in good condition. In a few localities 
failures had occurred in the base causing displacement 
in the brick. It was particularly noted that in such 
| cases displacement in the brick had taken place without 
breakage. This was found to be true also for the brick 
over transverse and longitudinal cracks. Extreme 
cases of base failures with effect on the brick are shown 
in Figures 20 and 21. 

In general, the brick surfaces were found to have had 
very little maintenance, except at places where failure 
had occurred in the base. <A portion of the brick 
pavement laid on Main Street, Henryetta, Okla., 
during 1917, was refilled with asphalt during 1925, as 
the original filler had been largely carried away by 
trafic. Oklahoma enforces the five-year maintenance 





Fie. 19.— Detain View or 2)14-Incu Brick Laip DuRING 
1919 on Main STREET, ToNKAaWaA, OKLA. THE PHOTOGRAPH 
SHOWS THE CONDITION OF THIS PAVEMENT IN FEBRUARY, 
1926. Ir was Laip on a 4-Incu Mortar (1:4) BASE ANpb 
144-INcH SAND BEDDING WITH GROUT FILLER | 
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Texarkana, Tex.-—Approximately 30,000 square 
yards of 214-inch brick were laid on the important 
streets during 1922. The construction was 6-inch 
concrete base, 34-inch sand bedding and asphalt 
filler of penetration ranging from 54 to 45. An ex- 
cessive quantity of filler was applied on practically all 
of this construction, the asphalt mat on many streets 
having a thickness of as much as one-half inch. Some 
peeling and shoving of this material has occurred in| ~ “=~ 
places, and further difficulties arising from this condi-| (288 fou ao eee : 
tion may be expected to occur for a long time. Fig. 20.—Conpition or 214-Incuo Brick Surrace Laip at 

A large number of 3-inch brick have been laid on a es Soe ee i oe 
6 and 7 inch compacted gravel base. A thick mat of Pn aad ea a 
asphalt filler Sieniltee to that found on the thin brick Re ARE AO UT Pag Ge ae Ree 


pavement covered the surface at the time of inspection | gjayse on new paving work, yet the larger paving 


and similar peeling and shoving Oa observed. _. | contractors declared, without exception, that no allow- 
All the brick pavements in this city have been laid | ance is made or need be made in the estimated cost of 
during the last four years. At the time of this inspec- | g paving job to cover a difference between maintenance 
tion there was nothing to indicate that the thinner brick | costs of 214-inch and 3-inch brick. 
was giving any less satisfactory service than the 3-inch It was found that excessive quantities of asphalt 
type. ~ filler had been used in many sections of brick pavement. 
Omaha, Nebr.—This city laid 24-inch brick on| In one locality the excess covered the brick with a 
Parker Street during 1915. The construction was:/ thickness of as much as one-half inch. Pavements 
5-inch (1:3:6) concrete base, 14-inch sand bedding | where an excess of asphalt had been used were very 
and asphalt filler. rough, and will probably continue to be unsatisfactory 
This street carries residential traffic. The surface|for a long time. The importance of limiting the 
was found to be in excellent condition, very few breaks | quantity of asphalt filler to that required to fill the 
and very little rounding having taken place. The only | space between the brick was strikingly illustrated by 
maintenance required prior to the inspection was|the unsatisfactory condition of such pavements, a 
occasioned by three blow-ups occurring in the base. typical example of which is shown in Figure 22. 
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TABLE 9.—Summary of data of the field survey 
cs | mi = 26 2 a - 
| THiek- Character 
Location ness of oe wena | ae Year laid of streets | Remarks 
brick ‘ 4 | paved | 
Inches Sq. yds. ; 
Greenville, Tex. 214| Repressed.: 12, 000 1905-06 | Main... First brick to 
| pe laid flat. 
1 7c eee 5 2%} Wire-cut | 90, 000 1914 M ai n.| No3-inch brick 
vertical andres-| laid. 
fiber. ; iden- = 
tial. 
Sulphur 244|_ 21025... 21960; 000 1915 es (|: 
Springs, Tex. | 
Ge = aerate 30 | dot. ae 1915 _..do._..| No 3-inch brick 
laid since. 
‘hyler, Tex. - - -- | 3 |..-dou..... 2Oep00 - 1920 Bey) 0) Do. 
| ar re 24|_..do__ -_._, 140, 000 | 1925 FR § |W Pe Doce 
Temple, Tex- -- Sao Ones) WD) Before 1923 |_._do.-_-_- DG: 
a 2\o1...00..-...1005000 | 18%e=i825 |. -doL- .- 
Okmulgee, Okla 214}...do__.._.;220, 000 | 1916-1923 |_._do---- 
ies 3 |...d0..__..| 30,000 | Beéiore 1921 |_-.do-.. .- 1G, 
Henryetta, Okla Oo |_--G0_...22NeeruuU! 1917 Main--_- Do. 
(a he 244)...do..____'200,000 | 1917-1923 | Main 
: and res- 
iden- 
tial. 
Wetumka, Okla B leenG Oe 2 2222) eGR 1924-25 : Main-_-. 
Gr. eee 244!___do______| 50, 000 1924-25 | en 
tial. 
Okeemah, Okla_ 214|_“Sdo.. ..._) Sarno: 1920 M ain | No3-inch brick 
and res laid. 
| iden 
- tial. 
Ponca, Okla_._. 214|.--do_ _.-..|500;6000 | 1919-1925 |...do__-. Do. 
Tonkawa, Okla PATA ee 9 (6 ae 110,000 | 1919-1923 !__.do-- Do. 
Blackwell, Okla 219)...do_~____!325, 000 1913-14 |_..do.. | Do. 











1 Not known. 





Fic. 21.—Tue Basse FAILURE SHOWN IN THIS PHOTOGRAPH IS 
ON A RESIDENTIAL STREET OF TEMPLE, TEX. THE Brick 
WERE Laip IN 1915 on a 4-INcH ConcreTE Basse. Turis 
PAVEMENT IS IN THE Buack Waxy Soi, AREA. NOTE THAT 
DISPLACEMENT OF THE BrRICK HAS OCCURRED WITHOUT 
BREAKAGE 


Some changes in the construction features of brick 
pavements have occurred since the earlier pavements 
were laid. The bedding course of the early surfaces 
was found to range in thickness from 14% to 2 inches 
Jaid on a rough base. Later construction shows, 
generally, that a 34-inch bedding has been used on a 
smoothly finished base. In a few localities very fine 
sand had been used for bedding, but, because this type 
of sand shows a tendency to work up between the 
brick and because of loss through cracks in the base, 
coarser sand has been substituted as being more 
satisfactory. 


The field survey showed that, in general, brick laid 
on a thin bedding course with a smoothly finished base 
maintained a smoother surface than those laid with a 
greater depth of sand on a roughly finished base. 

The research of the last few years has proved that the 
destructive effect of motor-truck impact is greatly re- 
duced by the construction of smooth pavement surfaces. 





The continued perfect alignment of the finished brick 
surface is dependent to a large degree, particularly on 
heavy trafic thoroughfares, on the smoothness with 
which the base course is finished and the resulting 
uniformity of thickness and compaction of the bedding 
course. Any slight increase in the construction cost for 
the purpose of obtaining this condition will be more 
than justified by the potential increase in the life of 
the pavement. 





coca 


Fig. 22.—TuHr ImMporTANCE OF LIMITING THE QUANTITY OF 
ASPHALT FILLER TO THAT REC UIRED TO FILL THE SPACES 
BETWEEN THE Brick 18 ILLUSTRATED BY THE CONDITION 
oF THIS 2144-INcH Brick PAVEMENT IN TEXARKANA, TEX. 
THE PAVEMENT Was Laip IN 1922 





Cement-sand: grout filler was found to have been 
used in the construction of some of the earlier brick 
pavements. Some of these were built with expansion 
joints in the brick surface, but in the majority of cases 
the joints have been omitted. The need for expansion 
joints with this type of filler was evidenced by the scal- 
ing in the surface of the brick on many of the pave- 
ments in which no expansion joints had been provided 
in the surface. 


A wide range in the type and construction of base 
used was noted in the survey. Concrete ranging from 
4 to 6 inches in thickness and largely of 1:3:5 pro- 
portion was found to have been used extensively in the 
area covered, while old and new macadam had been 
used satisfactorily in many instances. One city in the 
iron-ore belt was utilizing the iron-ore soil with en- 
tirely satisfactory results as base for brick pavements. 

The successful use of these widely different types of 
base indicates that there is a wide range of possibili- 
ties in base construction. Any material which remains 
stable at all times would appear to make a satisfactory 
base for a brick pavement. It is evident that these 
requirements may be met in many cases by base con- 
struction of the less rigid type. As the function of the 
base is primarily to support the allowed wheel loads 
without appreciable vertical displacement, any type of 
construction that will meet this condition is satisfac- 
tory. An old macadam or other type of surface that 
has proved stable under traffic should prove entirely 
satisfactory as a base for brick. 


In a majority of the locations covered in the field 
study no distinction was found to have been made in 
the base construction for brick of different thickness. 
One exception was noted where 3-inch brick had been 
laid on a compacted gravel base while concrete had 
been used for the 214-inch thickness. In this case and 
in others where difference in the base construction had 
been made with the use of brick of different thickness 
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nothing was found in the condition of the pavements 
that would indicate the need for any variation in base 
construction for the different thicknesses of brick used. 
Traffic.—A considerable number of the towns visited 
were located in the center of oil fields and as a result 
severe traffic conditions obtained on the more impor- 
tant streets. J*ormerly there was a considerable per- 
centage of heavy steel-tired vehicles which have prac- 
tically been superseded by heavy motor trucks.  Al- 
though traffic records were not available for study it is 
believed that the traffic on the important streets of 
the cities visited was more severe than that on the 
streets of many of the larger cities. 

A great deal of importance is attached, and properly 
so, to the views and experience of resident engineers 
and officials familiar with the use of brick under 3 
inches in thickness. All of the officials interviewed 
from those sections of the country where brick of less 
than 38-inch thickness is being used expressed them- 
selves as favorable to the use of the thinner brick, some 
with and others without limitations as to the type of 
street and traffic. Many maintained that 214-inch 
brick would prove equally as satisfactory as the 3-inch 
thickness under all conditions, and others believed 
that the 214-inch type should be limited to use on resi- 
dential and outlying business streets. 

The views of three prominent engineers who are in- 
timately connected with the use of thin paving brick 
are expressed as follows: 


Herman Beal, City Engineer, Omaha, Nebr.—I have com- 
pleted an investigation of a pavement in the city built during 
1915 with a 2)4-inch surface. The following information being 
available: 
Pavement on Parker Street between Twenty-ninth Street and 
Thirty-third Street, 30 feet wide, containing 5,360 square yards. 
Base 5 inches concrete, 1:3:6 mix. Bituminous filler. 
This pavement is in excellent condition, the brick showing 
practically no wear and the surface, with the exception of one 
or two expansion bulges, being exceptionally good. The traffic 
on this street is what might be classed as medium, although oc- 
casionally heavy truck loads are hauled thereon. 
- aoe 23 is a detail view of the pavement described by Mr. 
eal. 
E. A. Kingsley, City Engineer, Dallas, Tex—We have used 
3-inch vertical fiber brick for a number of years, and are using 
in our heavy traffic industrial district this character of brick in 
paving some of our new work this year. Our first 3-inch vertical 
fiber brick was laid on Market Street during 1919. This pave- 
ment has extremely heavy downtown industrial traffic of both 
the rubber and steel tired type. We have no trouble from break- 
ing or cracking under traffic of the 3-inch brick. We have found 
that this brick carries traffic equally as well as did the old 4-inch 
block laid on edge. We can discover no reason in studying the 
wear and service given by the 3-inch brick which would suggest 
to us that a 314-inch or 4-inch brick might be better. 
Dallas is perfectly satisfied with its heavy-traffic service on the 
3-inch vertical fiber brick, and from experience that neighboring 
cities have had with the 24-inch brick, we believe that this 
should be specified for the lighter traffic and residential districts. 
D, Lewis, Ciiy Engineer, Fort Worth, Tex.—This city has been 
laying 21% and 3 inch vertical fiber brick with asphalt filler on a 
cement-sand cushion laid on a concrete base. We have found 
this type of paving to give excellent results. 


MANUFACTURE OF THIN BRICK PRACTICABLE 


The manufacture of brick as thin as 214 inches is 
accomplished without particular difficulty. Some loss 
from warping was said to have occurred when brick of 











this thickness was first manufactured. Later changes 
in the manufacturing process, particularly in the burn- 
ing, have made this loss negligible at the present time. 
The brick manufacturers in the sections of the country 
where the thinner brick are being used, were found to 
be favorable to the manufacture of the 21-inch type. 
The manufacture of brick with 2-inch thickness was 
believed by some to be impractical because of the loss 
occurring from warping during burning. 

Reduction in the cost of a brick pavement built of 
thin brick is the result of decreased cost of such items 
as manufacture, transportation, handling on the job, 
and saving in the filler material. | 





* 


Fig. 23.—Detai, View or 2)4-Incu Brick Laip oN PARKER 
STREET, OmaHaA, IN 1915, DescrRIBED BY H&RMAN BEAL. 
Tus BRICK WERE LAID ON A 5-[INCH CONCRETE BASE (1:3:6) 
with Briruminous Fitter. THe ProToGrarpH SHOWS THE 
ConDITION oF THESE Brick IN 1926 Arter 11 YEARS UNDER 
Mepium TRAFFIC 


Based on the cost of a 3-inch pavement the saving 
in materials and costs for each %-inch reduction in 
thickness would be approximately as follows: 





Cost Material 
|; reduc reduc- 
tion tion 
| Percent | Per cent 
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AN INSTRUMENT FOR THE MEASUREMENT OF 
RELATIVE ROAD ROUGHNESS 


DEVELOPED BY THE UNITED STATES BUREAU OF PUBLIC ROADS 


O ARGUMENT is needed to convince the user 

of our roads of the desirability of as smooth a 

surface as can be produced. <A rough surface 

vives rise to effects unpleasant to the passenger and 

detrimental to the vehicle. Smooth surfaces mean 

greater mileage with less fatigue, with less damage to 

cargoes, and with lower operating costs for the vehicle. 

Thus the subject assumes a very considerable economic 
aspect. 

The highway engineer is vitally interested in building 
and maintaining smooth roads because of the effects 
already mentioned and further on account of the direct 
effect of surface roughness on the life of the pavement. 
The research of the last few years has clearly pointed 
out that road roughness produces impact and impact 
contributes to the early deterioration of any type of 
road surface. So convincing has been the evidence of 
this fact that State highway engineers have expressed 
the belief that smoothness is the most important 
quality to be sought in road surfaces. 

The general appreciation of the importance of this 
matter by highway engineers has created a demand for 
an instrument with which the roughness of a road 
surface may be measured. With such an instrument 
the engineer would find it possible to specify the quality 
demanded in new work and to obtain accurate data 
on the deterioration of the surface in time to apply 
proper corrective measures. ‘To be most useful such 
a device should not only be accurate but should supply 
the information rapidly and in such form that it can 
be used immediately. Finally, it should be mechani- 
cally simple and reliable and so designed that it can 
conveniently be used on an automobile. 

Several devices have been offered from various 
sources to meet the demand. The Bureau of Public 
Roads experimented with a number of designs over a 
period of several years and finally, in May, 1925, 
developed one which when then used in the vicinity of 
Washington, D. ©., appeared to be better in several 
respects than other available instruments. 

Subsequent use of this type of instrument over a 
considerable period of time in several States by a 
district engineer of the bureau indicates that it is 
entirely ; satisfactory for the purpose. It is, therefore, 
with considerable confidence in the worth of the instru- 
inent that a description is now presented. 

There are a number of ways in which the roughness 
of road surfaces may be indicated by an instrument 
attached to a vehicle, but the fundamental principle 
upon which all of them depend is that the vertical 
motion imparted to the vehicle by the irregularities in 
the road surface bears a direct relation to the degree of 
roughness. In order that the effect of this motion 
upon the chassis of the vehicle may be minimized, 
body springs and rubber tires are provided, the de- 
flection of which absorbs much of the undesirable 
vibration. ‘The magnitude of these deflections depends 
not only on the magnitude of the road roughness but 
also on the speed of the vehicle, amount and distribu- 
tion of the load, and the type and condition of the 
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spring and tire equipment. By maintaining constant 
all of these other conditions, the deflection of the body 
springs may be made to measure the relative roughness 
of the riding surfaces over which the vehicle is driven. 
This fact furnishes the principle on which the relative 
roughness determinator or roughometer, as it has been 
called, operates. 


THE RELATIVE ROUGHNESS DETERMINATOR 


Briefly, the roughometer consists of a rack which is 
attached in a vertical position to the front axle of the 
vehicle. Meshed with this rack 1s a spur gear which is 
supported by the frame of the car. Movement of the 
front axle with respect to the chassis, caused by de- 
flection of the body springs, thus produces translation 
of the rack and rotation of the gear. This gear is con- 
nected through a flexible shaft to a mechanical counter 
on the instrument board of the automobile. Deflection 
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1.—DIAGRAM OF THE RELATIVE RouGHNESS DETERMINA- 


Tor MounNTEpD ON AN AUTOMOBILE 


of the front springs of the vehicle thus causes, the rota- 
tion of the spindle of the counter. In order that this 
spindle will not rotate in the reverse direction when 
the body springs return from their deflected position a 
ball clutch is interposed between the gear mentioned 
and the flexible shaft which operates the counter. This 
ball clutch allows the flexible shaft to turn in only one 
direction so that the counter operates only during 
deflection of the body springs and thus records the 
summation of these deflections during the time the 
instrument is in operation. 

Before proceeding to a detailed description of the 
instrument it may be desirable to call attention to 
certain of its distinctive features, which are: 

1. It can be attached to any automobile without impairing 
the appearance or the normal operation of the vehicle. 

2. The data are presented as abstract numerical factors 
which can be used immediately. 

3. Satisfactorily accurate data can be obtained at normal 
highway operating speeds so that there is no interference with 
or from traffic. 

4. The instrument can be thrown completely out of operation 


when not in use, thus preventing excessive wear of its moving 
parts. 
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DETAILED DESCRIPTION OF THE INSTRUMENT 


Referring to Figure 1, which shows how the instru- 
ment is mounted on an automobile, it will be seen that 
it consists of two distinct parts; that is, the rack and 


ball-clutch mechanism which is mounted on the engine | 


block or chassis of the car, and the recording mechanism 
which is permanently mounted on the instrument dash. 
Figure 2 shows these two parts complete but not 
mounted on the automobile. 

In Figure 3, which is a detailed drawing of the entire 
mechanism, A is a plan of the instrument, looking 


down, with the rack and ball-clutch mechanism at the | 


left and the recording mechanism at the right; B is a 
sectional view of A, the section being taken along the 
vertical longitudinal center line of the rack and ball- 
clutch mechanism, through the flexible cable and 
through the miter gears which drive the recording 
mechanism; C’ shows the end or side view of the rack 
and ball-clutch mechanism, and when mounted this 
side would be next to the radiator of the automobile; 
D is the front view of the recording mechanism as 
secured to the dash and as it appears to the operator; 
E is a vertical cross section through the ball clutch; 
F gives details of the latch which meshes the rack and 
gear and is controlled by the pull-out, throw-over 
handle located over the recording mechanism on the 
base plate of the instrument. The upper view shows 
the latch closed (rack and gear meshed); the center 
view shows the latch half open; and in the lower view 
the latch is open (rack and gear out of mesh, and the 
instrument not in operation). 

The following is a detailed description of the instru- 
ment, in which the various parts are referred to by 
numbers as shown im Figure 3: 


A metal frame (1) is supported by a suitable bracket, attached 
by screws (2) to the engine block or some other part of the chassis. 
(Fig. 1.) Through this frame passes a vertical) rack (3), which is 
attached to the front axle through a rod with flexible couplings 
as shown in Figure 1. Any vertical movement of the axle with 
respect to the chassis thus causes this rack to move up or down. 

Attached to and pivoted near the bottom of the stationary 
frame (1) is a movable metal frame (4) which is made in two 
pieces to facilitate casting and is secured at the bottom with cap 
screws (5) and at the top with a spacer rod (6). 

At the center of the movable frame (4), carried in metal bear- 
ing boxes (7), is a hardened steel shaft (8), and through the middle 
of this shaft is a hoie for Jubrication, the oil being supplied by an 
oil reservoir in one bearing from oil cup (9). The steel shaft (8) 
has made with it a ball race which is ground to the proper dimen- 
sions after the steel is hardened. . 

On the shaft (8) next to the baJ) race is a hardened steel gear 
(10), and fastened to this gear by six screws surrounding the ball 
race is the hardened steel ball-ciutch housing (11). This housing 
carries the steel balls (13); which are held in the housing and in 
ee against the bail race by springs (13) and small screws 

14). 
The hardened stee] gear (10) meshes with the vertical rack (3); 
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a mechanical set-back counter (20) which records the movement 
transmitted by the speedometer cable through a pair of miter 
gears (21) that are covered by a housing (22). The vertical 
movement of the rack (3) thus appears as a numerical factor on 
the mechanica] counter. 

At the top of the recording mechanism is a pull-out, throw- 
over handle (23). This handle is connected to a rod (24) fitted 
with &@ universal joint at each end, and controls the latch (25). 
When the handle (23) is turned 180 degrees at the recording in- 
strument (from left to right) the latch (25) is extended, freeing 
gear (10) from rack (8) and putting the entire instrument out of 
operation. The dotted lines shown in Figure 3, C indicates the 
amount of movement necessary to do this. 


Figure 4 shows the instrument completely disassem- 
bled, and in this figure attention is called to the sim- 
plicity of the various parts. Figure 5 shows the rack 
and ball clutch mounted under the hood of an auto- 
mobile. This view shows the side opposite to that 
shown in Figure 2, and brings out clearly the details of 
the friction brake on the ball clutch. 


USE OF THE INSTRUMENT IN THE FIELD 


The various parts of the instrument are so designed 
that a movement of the rack of one inch records one 
unit on the counter. While it is possible to calibrate 
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Rack AND Bauu-CLtutcH MECHANISM AND THE 


Fig. 2.—THE 
ReEcorDING MECHANISM, COMPLETE BUT UNMOUNTED 


the instrument in terms of absolute surface profile, this 
calibration is difficult and of no practical value. The 
purpose of the instrument is to indicate the relative 
roughness of various surfaces or the changes in rough- 
ness of the same surface over a period of time. It is 
only necessary, therefore, to standardize the speed, load, 
spring, and tire conditions of the vehicle on which it is 
to be used and the device will be ready for service. 


consequently, any vertical movement of the rack is transmitted | Care should be taken to check the tire inflation fre- 


to the gear (10) and, by virtue of the bail-clutch housing (11) 
being fastened to the gear (10), the movement of the rack (3) 
causes rotation of the ball race or rotor and the steel shaft (8). 
The ball clutch will lock when the rack moves upward and release 
when the rack moves downward, yet, unless the shaft (8) is beid 
so as to make the bail clutch release, it will simply rock back 
and forth. To prevent this friction is applied to shaft (8) by a 
brake wheel (15) which is held to the steel shaft by a set-screw, 
the braking friction being applied by a steel cable (16) that is 
secured around the spacer rod (6) at one end and is tightened by 
means of a thumb-nut (17) at the other end. Thus shaft (8) 
moves only in one direction, that in which the bail clutch locks. 

At the end of the steel] shaft (8) opposite from the oil reservoir, 
a flexible steel speedometer cable and housing (18) is attached. 
This cable transmits any movement of the steel shaft (8) to the 
recording mechanism. The recording mechanism or instrument 
is attached to the dash of the automobile within reach and in 
clear view of the operator. It consists of a base plate (19) and 


| 
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quently and obviously the speedometer on the car 
should be maintained in first-class condition. 

Any normal operating speed may be used; but what- 
ever the rate decided upon it should be maintained 
throughout the test, and the same speed should be used 
in comparative tests. It is desirable, therefore, to so 
set the speed that 1t can be maintained without inter- 
fering with or interference from the other traffic on the 
road. Table 1 gives values obtained on a section of 
pavement 11% miles in length at three speeds. This 
table illustrates not only the effect of speed on the 
magnitude of the factor obtained but also the con- 
sistency of the results obtained on several runs over 
the same road. 
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Fig. 3.—DETAILsS OF THE RELATIVE ROUGHNESS DETERMINATOR 
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TaBLE 1.—Roughness factors obtained in operation over a section 
of pavement 114 miles long 


THREE ROUND TRIPS AT 25 MILES PER HOUR 








Southbound_____________ 196 | Northbound_____________ 173 | 
i a 199 DCO oo, Can en 168 
le.) ne 195 ND ieee, «a nha es 170 
Miverag@e._.______. 197 Average___...____ 170 


FIVE ROUND TRIPS AT 30 MILES PER HOUR 





Bpouthbound____________. veo | Nortabowmd...._..._____ 206 
iD 224 DS 208 

Mae. ._...._..-.-- Ze Atte 2 ee 201 

ie 230 Wom Pe ee 202 

Were 5. ou. 225 NO Gree 203 
Average. _.______. 226 Anwerage. o......-. 203 

THREE ROUND TRIPS AT 35 MILES PER HOUR 

meutnpound..___._______ 222 | Northbound.l_.......... 221 
Wome GS ...______ 242 DUS epee, 2 224 

Cp . e 246 (oo se] 224. 
Average_________-. 243 AVerage. 2.2225... 223 


From these data it will be seen that the maximum 
deviation of any reading from the average of the group 
is considerably less than 2 per cent. It will also be 
noted that the increase in the roughness factor is a most 
directly proportional to the increase in speed. 

The curves in Figure 6 indicate the relation between 
the speed of the vehicle and the magnitude of the 
roughness factor for two different vehicles equipped 
with different types of tire equipment. The parallel 
curves were made with the same car on the same length 
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Fig. 4.—TuHe INstTRuMENT DISASSEMBLED, SHOWING 


SIM- 


PLICITY OF THE VARIOUS PARTS 
of road but running in opposite directions. One test 


was made near Washington, D. C., the other near 
Chicago, III. 

The significance of these curves lies in the fact that 
they show a definite relation between the speed of the 
vehicle and the magnitude of the roughness factor. 
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| This relation will not be the same for different sets of 
/equipment and should be determined for those test 
conditions which have been selected as standard for the 
equipment used. 

Figure 7 shows graphically some data which indicate 
the consistency of the instrument. 


The car was driven 
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Fig. 5.—TuHeE Rack ann Batu CLutrcH MouNTED ON AN AUTO- 
MOBILE 


over 6 miles of pavement and readings were taken 
every half mile. The test was repeated and although 
the car was driven in the same direction over exactly 
the same length of pavement no attempt was made to 


‘follow the same wheel path. The readings at the 
| half-mile intervals are plotted as ordinates on the 


chart. Although there is a wide variation in the 
roughness of the different half-mile lengths, the readings 
on the instrument check very well at the various points. 
The total readings, i. e., the sum of the readings for 
the 12 half-mile lengths as obtained on the two test 
runs, check within 2 per cent. These data are repre- 
sentative and were selected so as to present a fair 
example of the consistency of the instrument. 

The effect of the load in the car or of the type and 
condition of the body springs is of considerably less 
importance but should receive attention as there is no 
doubt that they do affect the results obtained. Tire 
size, type, and inflation pressure are very important 
and every effort should be made to keep these constant 
on all tests the results of which are to be compared. 


INTERPRETATION OF THE ROUGHNESS FACTOR 


The relative roughness of a road surface is indicated 
by an abstract number which is a measure of the total 
average accumulated compression of the two front 
springs of the vehicle in inches per mile. If the counter 
be set at zero at the beginning of a trip and the instru- 
ment is thrown into operation while the automobile 
traverses 1 mile of road surface, then the reading on the 
counter as the car completes this 1 mile of travel may 
be called the roughness factor for that particular mile 
of surface. Some idea of what a roughness factor of 
100, 200, or 300, means may be gained from the obser- 
vations following which are based on a heavy car driven 
at a rate of from 30 'to 40 miles per hour. 
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Roughness factor: Motion of vehicle 


Less than 80____- No perceptible vibration. 

SU towel (Uiee. 228 Slight vibration. 

TT Ostes 150. 222 Noticeable vibration and slight lurching. 

ToOsto 2002... =. Disagreeable vibration and noticeable 
lurching. 

2O0"t0, 300~......-- Disagreeable lurching and somewhat 


dangerous for light cars at high speeds. 


The magnitude of the roughness factor obtained on 
various types and conditions of road surfaces has been 
shown to vary somewhat with the auxiliary equipment 
used with the roughometer. 
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Fig. 6.—EFFrrEctT oF VEHICLE SPEED ON THE ROUGHNESS FACTOR 


AS DETERMINED WitH Two DIFFERENT Cars, ONE EQUIPPED 
Wit Corp Tires AND ONE EQuipPrED witH BALLOON TIRES 


Measurements made in the vicinity of Washington, 
D. C., indicated a range of from 80 to 100 for very 
smooth pavements to from 250 to 300 for rather rough 
surfaces, while some results recently obtained in Cali- 
fornia with another instrument on another type of 
automobile range from about 60 for good concrete 
pavement to 250 for a rather rough oiled gravel. 


ROUGHNESS OF DIFFERENT ROADS COMPARED WITH 
ROUGHOMETER 


A brief discussion of some of the data obtained last 
year by one of the district engineers of the bureau may 
be of interest. Forty-eight sections of concrete pave- 
ment, comprising 412 miles, and five sections of bitumi- 
nous topped pavement, comprising 59 miles, were 
measured. The average roughness factors found for 
particular sections of the two types were, respectively, 
141 and 193. The average roughness factor for con- 
crete pavements constructed prior to 1923 is 196, 
whereas that for those constructed during and since 
1923 1s 115, showing that very great progress has been 
made toward constructing smoother pavements. 

Data on a section of pavement fairly typical of those 
constructed six or seven years ago are shown in Table 2, 
coe 3 shows similar data for a section constructed 
in 


TABLE 2.—Roughness factors of 5 miles of concrete pavement 
typical of those constructed prior to 1920 
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TABLE 3.—Roughness factors of 13 miles of concrete pavement 
constructed in 1924 
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In each of three States it was noticed that the first 
mile constructed was generally the roughest mile in 
the section. The average roughness factor for the 
roughest mile in 48 sections in one State was 175 and 
of the smoothest mile 107, a difference of 68. This 
difference for 34 sections in another State was 65, and 
for 13 sections in a third State was 67. This would 
seem to indicate that very careful supervision should 
be exercised during the construction of the first mile 
of pavement laid and that as many first miles should 
be avoided as possible by awarding contracts early in 
the season and of such length as may require the entire 
season to construct. This well illustrates the im- 
portance of the roughometer or relative roughness 
determinator to the highway engineer. 

Table 4 presents data which show the greatly in- 
creased roughness in the first mile of construction. 


TapLle 4.—Roughness factors, by miles, on a 7-mile section of 
pavement, showing increased roughness in the first mile 
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UNITS PER HALF MILE 


TOTAL UNITS PER SIX MILES 
RUN A @ {329 
RUN B x 1304 
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Fic. 7.—Resuuts or Test or ConsisTENCY OF INSTRUMENT 
IN WuicuH Two Runs WERE MADE IN THE SAME DIRECTION 
OVER THE SAME Roap AT A SPEED OF 20 MILEs PER Hour. 
No ATTEMPT WAS MADE TO FcLLOW THE SAME WHEEL PATH 


In general, it has been found that a pavement is 
smooth or rough all the way across, although in a 
number of instances a consistent difference between 
the right and left sides has been observed. Table 5 
presents data typical of such a case. 

(Continued on p. 151) 
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THE FLOW OF WATER THROUGH CULVERTS 


CONCLUSIONS FROM REPORT ON TESTS AT UNIVERSITY OF IOWA 


HE Bureau of Public Roads and the State Univer- 
‘i sity of Iowa have recently made a large number 
of tests of the flow of water through short 
conduits, such as pipe and box culverts and sluiceways 
under levees. These tests were conducted at the 
hydraulic laboratory of the university and have been 
reported on in Bulletin 1, University of Iowa Studies 
in Engineering, ‘The flow of water through cul- 
verts,’ by D. L. Yarnell, drainage engineer, United 
States Department of Agriculture, in collaboration 
with Floyd A. Nagler, associate professor of mechanics 
and hydraulics, and Sherman M. Woodward, professor 
of mechanics and hydraulics, both of the University 
of Iowa. 

The investigations were undertaken primarily for 
the purpose of determining— 

1. The quantity of water that will flow through 
culverts or sluiceways under levees of different ma- 
terials, sizes, and shapes under conditions of actual use. 

2. What conditions tend to increase or decrease such 
quantity. 

3. What principles should be followed in design to 
secure the greatest discharging capacity for the least 
cost. 

The report describes the methods of making the 
tests and presents the experimental results together 
with the discharge formulas developed for the various 
culverts. 

The following conclusions are drawn from the results 
of 1,480 experiments on pipe culverts made of concrete, 
vitrified clay, and corrugated metal of the following 
sizes: 12, 18, 24, and 30 inches in diameter; and 1,821 
tests on concrete box culverts of the following sizes: 
2 by 2 feet, 3 by 3 feet, 4 by 4 feet, 4 by 3 feet, 4 by 
214 feet, 4 by 2 feet, 4 by 1 foot, and 4 by one-half foot. 

Tests were made on the culverts flowing partly full 
and full, both with a free and submerged outlet. Exper- 
iments were also run with various types of entrances. 


1. The discharging capacity of a culvert depends primarily 
upon the cross section of the culvert and the difference in water 
level at the two ends of the culvert. 

2. To obtain the maximum discharge the culvert must be so 
laid as to insure the full cross section of the culvert being filled by 
the flowing water. 

3. If the culvert is laid at too high an elevation with respect to 
the water levels at the two ends, it will not run full and hence 
will not attain its maximum capacity. 

4, If a culvert is so laid that both its upstream and downstream 
ends are completely submerged, the amount of water which it 
discharges will be proportional to the square root of the difference 
in water level at the two ends; and the exact grade at which the 
culvert is laid has no effect whatever upon its maximum discharg- 
ing capacity. 

5. The difference in water level at the two ends, called here- 
after the head on the culvert, is utilized in three ways—first, 
in overcoming friction around the entrance corner; second, 
in overcoming friction along the walls throughout the barrel of 
the culvert; third, in imparting the velocity necessary to the 
water in entering the culvert. The three portions into which 
the total head is thus divided are called for convenience entrance 
loss, friction loss, and velocity head, respectively. 

The following general conclusions numbered from 6 to 25, 
inclusive, are drawn from the results of the tests on the pipe 
culverts: | 


6. The coefficient of roughness, n, in the Kutter formula for 
the concrete pipe ranges from 0.012 for the 12-inch size to 0.013 
for the 30-inch size. 

7. The coefficient of roughness, n, in the Kutter formula, for 
the vitrified-clay pipe] ranges from 0.010 for the 12-inch sizeto 
0.013 for the 30-inch size. 

8. The coefficient of roughness, n, in the Kutter formula, for 
the corrugated-metal pipe ranges from 0.019 for the 12-inch size 
to 0.023 for the 30-inch size. 

9. In concrete, vitrified-clay, and corrugated-metal pipe 
culverts, 30.6 feet long, with straight end-wall entrances: 

_ (a) The 12-inch concrete pipe with beveled lip end upstream 
discharges about 49 per cent more water than the 12-inch metal 
pipe. 

(b) The 18-inch concrete pipe with beveled lip end upstream 
discharges about 40 per cent more water than the 18-inch metal 
pipe. 

(c) The 24-inch concrete pipe with beveled lip end upstream 
discharges about 36 per cent more water than the 24-inch metal 


pipe. . 
_(d) The 30-inch concrete pipe with beveled lip end upstream 
discharges about 32 per cent more water than the 30-inch metal 


pipe. 

(e) The 12-inch clay pipe discharges about 65 per cent more 
water than the 12-inch metal pipe. 

(f) The 18-inch clay pipe discharges about 50 per cent more 
water than the 18-inch metal pipe. 

(g) The 24-inch clay pipe discharges about 40 per cent more 
water than the 24-inch metal pipe. 

(h) The 30-inch clay pipe discharges about 30 per cent more 
water than the 30-inch metal pipe. 

The relative capacities of these culverts may also be expressed 
in the following terms which are mathematically equivalent to 
the above. 

(2) The 12-inch metal pipe has about 67 per cent of the carry- 
ing capacity of the 12-inch concrete pipe with beveled lip end 
upstream. 

(7) The 18-inch metal pipe has about 71 per cent of the carry- 
ing capacity of the 18-inch concrete pipe with beveled lip end 
upstream. 

(k) The 24-inch metal pipe has about 74 per cent of the carry- 
ing capacity of the 24-inch concrete pipe with beveled lip end 
upstream. 

(1) The 30-inch metal pipe has about 76 per cent of the carry- 
ing capacity of the 30-inch concrete pipe with beveled lip end 
upstream. 

(m) The i2-inch metal pipe has about 61 per cent of the carry- 
ing capacity of the 12-inch clay pipe. 

(n) The 18-inch metal pipe has about 68 per cent of the 
carrying capacity of the 18-inch clay pipe. 

(0) The 24-inch metal pipe has about 73 per cent of the 
carrying capacity of the 24-inch clay pipe. 

(p) The 30-inch metal pipe has about 78 per cent of the 
carrying capacity of the 30-inch clay pipe. 

10. In concrete pipe culverts, 30.6 feet long, with straight 
end-wall entrances: 

(a) The 12-inch pipe with beveled lip end upstream discharges 
about 5 per cent more water than the same pipe with a square- 
cornered entrance. 

(b) The 18-inch pipe with beveled lip end upstream dis- 
charges about 9 per cent more water than the same pipe with a 
square-cornered entrance. 

(c) The 24-inch pipe with beveled lip end upstream discharges 
about 12 per cent more water than the same pipe with a square- 
cornered entrance. 

(d) The 30-inch pipe with beveled lip end upstream discharges 
about 14 per cent more water than the same pipe with a square- 
cornered entrance. 

11. Due to the larger amount of pipe friction in corrugated- 
metal pipes, a change in culvert length produces a greater change 
in discharge than with concrete and vitrified-clay pipe culverts. 

12. The 45-degree wing walls used in connection with a corru- 
gated-metal pipe culvert increase the capacity from 1 to 10 per 
cent over that obtained in a metal pipe culvert with a straight 
end wall, 
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13. The 45-degree wing walls used in connection with a corru- 


gated-metal pipe culvert are more efficient when set flush with 
the edge of the pipe than when set 6 inches back from the edge 
of the pipe. , 

14. The 45-degree wing walls used in connection with a corru- 
gated-metal pipe culvert are more efficient when built full height 
to the top of the head wall than when constructed only to the 
standard height shown in Figure 6.! 

15. The 45-degree wing walls used in connection with a vitri- 
fied-clay pipe culvert produce a carrying capacity substantially 
equal to that with the regular bell end upstream. 

16. The U-type wing walls used in connection with a vitrified- 
clay pipe culvert produce a carrying capacity slightly less than 
that with the straight end wall. 

17. The beveled lip end at the entrance of a concrete pipe cul- 
vert is a great aid in reducing the entrance loss, especially in the 
larger sizes. 

18. The bell end at the entrance of a vitrified-clay pipe culvert 
by virtue of its shape greatly reduces the entrance loss below that 
produced by a right-angle corner, especially in the smaller sizes. 

19. A 24-inch clay pipe, 38 feet long, with a straight end wall 
and the regular bell end upstream carries about 10 per cent more 
water than the same culvert with a square-cornered entrance. 

20. Merely rounding the entrance to a 24-inch vitrified-clay 
pipe culvert increases the capacity approximately 13 per cent 
over that obtained with a square-cornered entrance. 

21. By projecting the pipe through the head wall so as to 
obtain the effect on the discharge of no head wall, it was found 
that: 

(a) In the 12-inch concrete pipe culvert having a square 
cornered entrance, there was little difference whether the pipe 
projected 3 inches, 2 feet, or 4 feet beyond the head wall. 

(b) The discharge is decreased slightly by projecting the pipe 
through the head wall as compared with the same culvert with 
a straight end wall entrance. 

(c) The 18-inch corrugated-metal pipe culvert with a 3-inch 
projection beyond the head wall carries slightly more water 
than the same pipe with either a 2-foot or a 4-foot projection. 

(d) The 18-inch metal pipe culvert with a straight end wall 
entrance carries more water than the same pipe with any length 
of projection. 

22. By doubling the area of the outlet end of an 18-inch vitrified- 
clay pipe culvert by attaching a conical section, the sides of which 
diverge at an angle of about 10 degrees, the discharge of the cul- 
vert, when the outlet end is submerged, is increased about 40 
per cent over that obtained through the same culvert having a 
uniform bore throughout. 

23. In the formulas for discharge the average exponent of H, 
the head on the pipe culvert, for Tables 22 to 79,! inclusive, is 
0.488. In hydraulics the general practice is to assume that the 
discharge varies as the square root of the head. 

24. New discharge formulas for the flow of water through 
concrete, vitrified-clay, and corrugated-metal culvert pipe have 
been derived from the experimental data in this report. The 
formulas as derived for culverts 30.6 feet long with straight 
end wall entrances are as follows: 

Concrete pipe with beveled lip end upstream: 


Q=4.61 D218 H0-50 (1) 
Concrete pipe with square cornered entrance: 

Q=4.40 D2-09 H0-50 (2) 
Vitrified-clay pipe with bell end upstream: 

Q=5.07 D205 F70.50 (3) 
Corrugated-metal pipe: 


Q=3.10 D231 770.50 (4) 


25. The general discharge formulas derived for pipe culverts 
with straight end-wall entrance and of any size and length, when 
flowing full, are as follows: 

Concrete pipe, beveled lip entrance: 


_ Av2g H 
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Corrugated-metal pipe: 
Awv2gH 


= = a 
0.106 L 
4/1+0.16 Dit Se 








(16) 


In these formulas— 
()=discharge in cubic feet per second. 
A=cross-sectional area of pipe in square feet. 
D=diameter of pipe in feet. 
L=length of culvert in feet. 
H =head on pipe in feet or the difference in the water level 
at the two ends of the culvert. 
g= acceleration of gravity. 


The following general conclusions, numbered from 26 to 33, 
are drawn from the results of the tests on the concrete box 
culverts: 

26. Concrete box culverts with straight head walls and 
rounded lip entrance discharge from 8 to 12 per cent more water 
than the same size culvert with square-cornered entrance in 
the sizes tested in this investigation. - 

27. Concrete box culverts with straight head walls and beveled 
lip entrance discharge from 7 to 9 per cent more water than the 
same size culvert with square-cornered entrance in the sizes 
tested in this investigation. 

28. If the outlet end of a 36-foot box culvert with a rounded 
lip entrance is flared by diverging the sides at an angle of 6° 30’ 


throughout a distance of 10 to 12 feet from the outlet head wall,. 


thus doubling the area of its cross section at the outlet, the capac- 
ity of the culvert is increased about 60 per cent above the capac- 
ity of a similar culvert 36 feet long with the uniform bore extend- 
ing the entire length of the culvert. 

29. The 2 by 2 foot box culvert, 30 feet long, with a rounded 
lip entrance and flared on the two sides for its entire length to a 
4 by 2 foot opening at the outlet end will discharge 86 per cent 
more water than a 2 by 2 by 380 foot box culvert of uniform 
bore with a square-cornered entrance, when both culverts are 
flowing full. 

30. The 2 by 2 foot box culvert, 30 feet long, with a rounded 
lip entrance and flared on the two sides for its entire length to 
a 4 by 2 foot opening at the outlet end will discharge the same 
quantity of water as a 3.61 by 2 by 30 foot box culvert of uni- 
form bore with a square-cornered entrance, when both culverts 
are flowing full. 

31. The following general discharge equations have been 
developed for concrete box culverts with straight end wall en- 
tranees when flowing full: 

Box culverts with rounded lip entrances: 

















‘y= A ¥29 H 
91.084 ors (17) 
Box culverts with square-cornered entrances: 
ge A 
1 1+0.4 Re L (18) 


in which the same symbols are used as in the pipe culvert formulas 
ae, the term, f&, is the mean hydraulic radius of the culvert in 
eet. 

32. Rectangular concrete box culverts require more head to 
overcome friction than square concrete box culverts of the same 
area, and hence have a smaller carrying capacity provided the 
entrance losses (in head) are the same. The head lost in friction 
for culverts of the same area varies inversely with the hydraulic 
radius. The entrance losses, however, on the rectangular cul- 
verts tested are less than those on the square culverts of the 
same area and tvpe of entrance. Since one culvert differs from 
another in capacity per square foot of area inversely in proportion 
to the square root of the sum of all head losses involved, it is 
possible for a rectangular culvert to have a slightly greater 
capacity than a square culvert, although the reverse is usually 
the case. 

33. The chamfering of the corners of box culverts reduces the 
discharge of the culvert by an insignificant amount, an amount 
which is less in per cent than the corresponding reduction in cul- 
vert area produced by the chamfering. 

A comparison of the results of the tests on the concrete box cul- 
verts with the results of the tests on the pipe culverts reveals the 
following facts: 

34. A 24-inch concrete pipe culvert, 30 feet long, with beveled 
lip end upstream, carries 19 per cent less water than a 2 by 
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2\ by 30 foot concrete box culvert with square-cornered entrance 
(when the two culverts are flowing full), but the concrete pipe 
culvert carries about 7 per cent more water per square foot of 
waterway than the box culvert. 


35. A 24-inch corrugated-metal pipe culvert, 30 feet long, car- 
ries 57 per cent less water than a 2 by 2 by 30 foot box culvert 
with square-cornered entrance (when the two culverts are flowing 
full), and the metal pipe carries about 23 per cent less water per 
square foot of waterway than the box culvert. 


36. A 27-inch vitrified-clay pipe culvert 30 feet long (contain- 
ing approximately the same cross-sectional area as a 2 by 2 foot 
box culvert) will carry 7 per cent more water than the 2 by 2 
by 30 foot box culvert with square-cornered entrance when both 
culverts are flowing full. 


_ 37. The value of the entrance loss coefficient for a given type 
of entrance corner varies with the shape of the cross section of the 
culvert. That cross section having the greatest hydraulic radius 
for a given culvert area has also the greatest entrance loss co- 
efficient. That is, the entrance loss coefficient is greater for a 
circular culvert than for one with a square section, and the 
coefficient for the square section is greater than that for the 
rectangular section. 7 


- 88. The results on the various types of entrances and outlets 
_have an important bearing on the design of suction and discharge 
pipes for drainage and irrigation pumping plants. Sluiceways 
under levees are hydraulically like road culverts. The data in 
this report will likewise be found directly applicable to many 
irrigation structures. 


Copies of the bulletin may be obtained from the 
- university editor at $1 a copy. 
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a TaBLe 5.—Roughness factors on east and west sides of a pavement 
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As indicative of how smooth pavements can be built, 
- Table 6 shows data obtained for the smoothest pave- 
ments found in two Midwestern States. 


TaBLe 6.—Roughness factors on smoothest pavements found in two 
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From data similar to that cited in Table 6, obtained 
on many hundreds of miles of roads the indications are 
that the instrument as described does give a true index 
of the relative roughness of road surfaces. 

The data, which can be obtained quickly and at 
small cost, should be invaluable to highway officials, 
particularly supervisory officials who can not hope to 
inspect every mile of pavement, as a basis for rating 
contractors, superintendents on force account work, 
engineers, inspectors, and all others directly responsible 
for the quality of the pavement. They will be found 
valuable even by the highway official who can and does 
visit all projects during construction for they will 
furnish him definite data rather than opinions on which — 
to base conclusions. | 


INTERNATIONAL ROAD CONGRESS WILL ACCEPT 
lca TO MEET IN UNITED STATES IN 


The International Road Congress will accept an in- 
vitation to meet in the United States in 1929, accord- 
ing to Senator Albert Mathieu, of France, president of 
the association. This assurance was given at the close 
of the congress held at Milan, Italy, September 6 to 14 
and in response to the statement by Thomas H. Mac- 
Donald, Chief of the United States Bureau of Public 
Roads and chairman of the official delegation from the 
United States, that the United States Congress would 
be urged to extend such an invitation. 

The congress at Milan was attended by 2,000 dele- 
gates from 50 countries and 5 continents, and the 
United States was officially represented for the first 
time. Mr. MacDonald was made a member of the 
council of the congress. 

In the discussions of the congress, the United States 
and Great Britain declined to adhere to a resolution 
commending as a general policy the private operation 
of government subsidized toll roads, which has been 
tried out successfully on some stretches of Italian road. 
The United States delegates advanced the argument 
that roads are a government function and should be 
open to the use of all except in rare cases where private 
construction should eventually result in public opera- 
tion. A resolution providing for all viewpoints was 
adopted. 

Following the meeting in Milan the United States 
delegates went to Rome, where they were received in 
a private audience by Premier Mussolini, who asked 
them to convey a message to the United States that they 
had seen a disciplined and tenacious people courage- 
ously at work and desiring only peace. In response to 
Mr. MacDonald’s statement that in modern highway 
transportation there is a new way of living ahead for 
the masses, the premier stated his conviction that 
motor roads must be built everywhere as railroads 
and carriage roads have been built in the past. 

The American delegation left Rome for a survey of 
traffic and road conditions in western Europe and will 
sail from Southampton on October 12. 





” 


O 


"04819 AUB 0} PozBoOT[V 10 ,, O3IB] 4B SIBD,, ESR'Z SEPNpoUy gr 


*$07BOY14.190 941} UO MBI Mou Aq Posnevo SUOTIeIASIJZe1 UT ABTEP 07 ONp ssBalIEP IYBITS 71 
SYONIY 10J0UL YALA SIO[IV1} SIPNPOUT UOZVIO oy 
‘MBl Aq poxe, JOU ‘suOT}VIOd 109 SdTAJOS-dI[qnd Aq PsUMO SIBd 0NR*Z INOGB sepnNfouy 4 


*Su014814SIS0101 PepNfoul sinsy peysi[qnd AjsnotAsiId—oin3y poqoal10D 
“SZ6I ‘OF PUNL JO SB SddIMOS JUSUTMIZAOY) S9}BIG Po}UQ WIOI peureiqo BIeq , 
“UTIN[OO PIG} Ul pe,OU SB $9zB4g [BIBAVS UI SYONI] YILA poJI0dal soessng 4» 





[BJO] puBiL 


“BIQCUINOL) JO JOIST 
“SUTUIOAL A 

*MISUOOST AA. 

“*BIUIZITA 1SOM 
“dOyZUIGSe MA 


“BTUISITA 
*4yuOULIO A 
"yeiy 
"SBXO,L, 


“gesseuud 


“BjOyBq yng 
"BUTOIBO YING 


“pussy spoyy 
“esIUBA[ASUUOg 
"m0Z910 
“BULogeTyO 
“OIyO 


“*BOHVCT TION 
“BUT[OIVD YION 
"yIOX MON 
“OOIXOTT MONT 
*AOSIO, MON 
‘oulrysduieyy MON 
*BPBAIN 
*BySBIqaN 
‘euUBIDO WW 
*LINOSSTJT 
*1ddIssissi fy 
“BOSOUUL AL 


“UesIQory 
“s}josnyoesse py 
*puelAIsyyy 
“OUIBIL 


“BuUvISINO'T 
‘Ayonyusy 
“‘SBsuBy 
"BMOT 


‘euBIpUy 
*Sslourt{y 
‘OUepy 
*BIZ1094) 


“Splol aq 
‘QIVMBIOC 
*qnotyoouU0D 
“OpBI0[og 


“BIUIO;TTBO 
*‘SBsUByIY 
"BuOZIIV 
“BUIBGBLY 


Vol. 7, No. 7, September, 1926 


PUBLIC ROADS 


$94815 


152 








we 
S 
Lo! 


169 ‘022 ‘LT ¢ 


—_—_—_——————$ ———— — rrr i gs I i a ne | a | er | 
- - 


* . 


_—_ 

re m= 
for) N 
OSs 
DAS 
ows 
R oD 

fen) 


* 


O0F ‘19% 
FCP ‘09 
OTF ‘92 
199 ‘8r8 


CEL ‘81Z 
cee ‘OST 
802 ‘TFT 
L¥Z ‘68 
182 ‘902 ‘T 
99¢ ‘6LT 
000 ‘0ZF 
000 ‘262 ‘T 
90T ‘9ST 


Osa ords Hota 


re 


: 


SHOHS Ht SHOH SSIS 


rN 


toe | 


bee i ee Bt oe Bi oe | 
> 
S 
> 
Vol 
Comal 
oD 
~_ 


PLP ‘GOS 
OZT ‘EL 
686 ‘LT 
TFE ‘G6 


0S6 ‘es 
8z¢ ‘cee 
SSL ‘SFT 
SOT ‘EIS 


09F ‘862 
E0T ‘929 
REE (802 
002 ‘921 


968 ‘O6T 
8Z8 ‘EEZ 
066 ‘90F 
200 ‘119 


Z8ZL ‘699 
P80 ‘EZT ‘T 
00s ‘eZ 
£99 ‘20% 


6h ‘TES 
009 ‘eg 
OFL ‘91% 
168 “E1Z 


G28 “ZTE ‘T 
186 ‘SPI 
608 ‘6S 
199 ‘Z8T 


m 


See 


N 


toe | 


KSslk SeS 


Gr GBS GOs Hts Cons naan 


co a | 


AMIOW OANN OWA BOM H DNOM COMMS GOMOD ONWH BKC MOOCH OAMO NOMS 


Se6T 


SZ6T 


jo sqyjuour 


xIS 4siy 
syons pus 
S180 10j0UI 
pele4sisel 
[830} PUBI_) 


JOAO 9Z6T 
eseelul 


queso 13 J 











f “MOTJBIJSIZOI [BJO PUBIS UI PEpN[OU! JOU aI¥ SEpOIYeA ssa, °0Jo ‘sory[edorunul puv ‘somunod ‘se7eIg 
JUSUITIGAOY) S07BIS Poztug Aq PoUMO PUe JdUIOXI-xX¥} 9IB FOIA SO[DAD 10JOUL PUB SOpIIJIA 1OJOM SMOYE ¢ 


pepNpoul Jou sie pojst] o10Y Sassely IO 





1240} pues uy 


*UMOYS JIB SIVD OPTS JNOYILA JO QILM SaPDAO 1OJOUT Pote4s{FoI IT, 


*S¥Ont) 1040 YIM Pepnpoal viv Avy 10 ‘s1o[1¥1} 19}SI3aJ JOU OP S97BIg SUIOS ‘s1O[IB1} PIsE4SIJII 94 SMOYE » 


*mOIyely 


-SIZ0I Iv[NZeI 94 jo 4[Nsol B SB [CIO PULIZ 9} UL PIPNOUT 91 sapoIyeA Vsey,T, “9761 ‘OF oUNL ZuIpUsS IveA 


[Busy SULINP xv} ONUsAZI [VUIOJUT Pred SBA 9JEq4 YOIYA UO V1Iq JOJ sIvd Jesuessed SuULMOYS 4ST] [BVIOEdS ¢ 


‘mUIN[Oo P13 OY) UT 


UMOYS $10J0BI} PROT PUB SYN] 1OJOUI PUB ‘MUINIOD pudddS OY} UT UMOYS SIvd ZUTAIIVI-Jos Messed 04UT PoprA 


-IPQNS ST UUINIOO 4SIQ 94 Ul UOTBIYSIFeI [B10OJ PUvIT OT, 
a[qissod 910g M SUIPN]OXe SyonA} Puv SIvd 100M Pde 























812 ‘FE8 | S16 ‘beh > | $96 FIT | FO9‘E PSE ‘68 | GLI ‘EE ar | 98h ‘COT | OTT ‘28 
Se, oer eo ee et) POLL IST T08 ‘T LE8 LL AS 
ee Na eae Ve ey ee G0Z 602 igi a, Gg gan 

/ ; £69 7 £9 008 | ob Sie hee 
DOFO TIE. | O68 OR | Ze TTS piste 22" 682 ‘I € 296 Che 
ae cape 002 ‘T OFT 820 “F £9 90T ‘% Tre ‘T 

WEN ae eae 09 ‘g 922 Ig¢ ‘Z tl ‘T 669 ‘T OCF 

SCR Gs ot BEN OP's MEE Uli raa ate oo. me 8Z b9F 18 

GUS Sin Se Se Le ieee ee SOL ELI 8h ZOF 

99F ‘8 TS em lia Rete ae at ls Gos % 086 ‘T CPL ‘F 
DAE A SO OR leks NE eee 990° | er SOF = | eee 

te lige aaa 120 ‘T Fate asin) Bt 8 261 Age en 
oF Aer ; O8F ae ae he oat 16 ae SLL 
OFS “69 £92 89 OFS 9¢ F10‘T Lg 

Sh | 882 SLT | 916 ‘9% =| 298 810 ‘€ ee ‘T 00 ‘IL | 298 ‘% 
96 ‘OT | SB '2S TOD SR Wise oe als Se IFT 882 ‘T (01) 

; i eal te amas Sa ean Ramee 2 I! CEL eee 

92 ‘E 299 ‘E 89% OST “2 298 ‘% LIT ‘L P82 ‘8 
Rt ca etl eae ane <4 bir Pe a aloas 

Hine, eek citle Pros eee, eer 1 80 L008, 
090 868 | 206 '%8I'T | 12% 4 L¥8 ‘OT | 999 ‘T Zot ‘ct §=| $96 F 

"| O&T Pane) ir ear 9ST IST LOT 

Be SOE ‘F99 Tos % GLL TE0 “S 802 618 “¢ 998 ‘T 
000 "08 __| 000 ‘9¢ wee 6 hee. 0¢9 4 L01 ‘I 9&h 
Scale Me OLE 9 Ele oF 99 68 

, 60F ‘Z ee a ee NN Oe 926 926 

OTE | Seer Ap cs ened Caine 126 | 62 nie ao oe 
99802 | 98h b 6ST % gI G0 ‘T IT 10¢ ‘T ZOP ‘T 
a Sia ate ae EI eae dee) Reememberies PL 89 000 ‘¢ 

MILEOL Ge aaa aoe a £12 ZS 928 ‘Z 19T ‘% 

6009 yo aes Th SRS G26 ‘S Tle G£8'S €60 ‘OT 

L Cliligmar cs ele eee 9¢¢ 9FL “9 9EF 

S18 ‘ZI | 896 ‘8T EC 7 ae ee 696 ‘T 99S ‘g 81g 

FOI ‘S 220 ‘OST OFT ‘T 89 266 £9 108: £09 
ah, Die TT ie | lil ST aS 602 068 ee gt cen 
OES hoe Ce eg 860 ‘T 6F 008 ‘T 06 Lg 

Ww bes We eee 1¢ F80 ‘% 261 ce p's iid nie 

Z9F ‘6 G0Z ‘% 6L 00¢ *% ag “DBEs Ge | ae oe 

EGR: tao gp LUC Ge af es 808 “E PSI ‘E 98 *% 12¢ ‘F 

908 08... [T" Toate Os Gs qiccaes 9 eater ae 616 129 “F Leo 

Og cone Ton 988 1% 110 ‘T g01 IIP €cT 
Tesi = . + DOP ark we Bate eee ak £6 BD. asi ae hee 
[Soe eso (eo fe eee Se oor 

ee ae eee ag € OST 

C02 ‘E BIL “ESz 6FE | 89T 690 ‘T TZ SIL % 992 
pean Yale ae a Bul. Sata oe ee eee 89T ‘T ie a 

oe Ss ae 686 % 098 QTL ‘SI | L12'T 896 ‘8 ESE ‘9% 

Lae oly Pealaeibdetce’ oLb rE ZPS 6 £61 OST ‘T 

Mi oe cee Mia cla ee | 999 QLT G6. be ee Tee 

OOS ia LN OT Ss ER ene ee <> L9T ats OFL 

| 
smd] (T8190) | creo peoot} £8482 | satoco 
neyo $10j810dQ | sie[eeq Soare ‘pure 01849 ‘ais 1010 | SIOTIVL J, 
(afIqoul0yne) gS9[0A0 JOJOUI PUB SBPOIQGA p SOPOTTOA 
| S}luized 10 sesueol] Jo 19qUINN 10401 [eiIoyjo 3 dulexe-xe J, po19jside1 13G10 

















080 ‘22 CEL ‘FET 
L¥Z C66 
1Z& 98Z 
16° g9¢ ‘% 
EST 922 ‘T 
€8F FF0 ‘T 
StS 9T8 ‘I 
Z0T CTL 
6 Cok 
Te¢ Ost ‘g 
61% oL6 ‘T 
1g 61g 
08 090 ‘T 
I61 Z8Z ‘T 
Les ‘T gor ‘9 
198 989 
TLZ 988 ‘T 
LIL 118 ‘F 
8% 76S 
#SZ TL8 ‘T 
€It ‘e Z68 ‘IE 
a4 OPE 
108 % Sal ‘¢ 
PFT LSL ‘T 
ZI 611 
18 OST ‘T 
LU 929 
$99 829 ‘F 
FFI FIL ‘T 
G09 919 ‘T 
$02 ‘T EcI ‘E 
Pc8 ‘T Z00 ‘9 
18¢ 992 ‘°Z 
9ST 116 ‘T 
19% 026 
L¥E 816 % 
PLZ 069 ‘T 
692 666 ‘T 
LLY ‘T SF9 ‘E 
0S2 ‘T £20 ‘OI 
1g 6o¢ 
191 £99 ‘T 
22S £tP ‘ST 
6h 06T 
COP FL8 ‘T 
9@F 19§ ‘T 
ZFS ‘T GOL ‘F 
LOT L16 ‘T 
C6 Tze 
9L E9T % 
Ayioedea | Aqyoedvo 
lesuessed |10Zuessed 
L4I9AO £912 
¢ OITY 


10} sivo saduessed 
Jo 4sI[ [eloodg 


860 ‘60F ‘Z | FLL ‘88% ‘LT ZES ‘269 ‘“6T 
10 ‘TT 998 ‘82 L8 ‘68 
692 ‘> 809 ‘6E L98 ‘bP 
€99 ‘OL PET ‘06S 164 ‘069 
896 ‘TZ 0es Z9T 882 ‘E81 
PEL ‘CF 9LL ‘082 00¢ ‘98 . 
G29 ‘GE 009 ‘TF GST ‘212 
Te ‘F S9T ‘R¢ 668 ‘Z9 
€66 ‘OL 118 ‘OL Os ‘TR 
PLS “E8 9LF ‘028 090 ‘F06 
188 ‘61 £68 ‘20 GLL ‘LEG 
€80 “ET 089 ‘ZhT £92 ‘SST 
ST9 ‘EI L6E ‘LET Z10 ‘TST 
68F ‘OT €9T ‘08 299 ‘96 
OSL ‘Z8T ZE6 ‘EFT ‘T 289 ‘928 ‘T 
OF ‘FT or IZ ‘IST 1¥9 ‘C6 
000 ‘St 000 ‘SPF 000 ‘06 
$S¢ ‘IST Z0Z “612 ‘T 9¢z ‘OLE ‘T 
ShL ‘6 Tee ‘Pel 620 ‘FFT 
TOT ‘Ee Z6I ‘SEs | ece ‘TLE 
EET ‘09Z 698 ‘ZOE ‘T Z6F ‘Z9E ‘T 
119 ‘T $68 ‘FF ILS ‘OF 
ZS8 ‘20T GRE ‘19% LEZ ‘GLg 
889 ‘8 162 ‘OL 626 ‘RL 
L¥0 ‘F O8F ‘OT 12S ‘0Z 
LOL Vos 76 ‘FOE 699 ‘6ZE 
CEL ‘or 9 809 ‘62 OPE ‘26 
LIT ‘8S gee ‘cze OSF ‘ER¢ 
11g ‘ST 619 ‘T9T 00 ‘OST 
E6I ‘29 £9T ‘SIS 9¢¢ ‘PLS 
Z9Z ‘6ZT 9 | 916 ‘298 BLT ‘266 
G16 ‘68 T9L ‘289 982 1229 
198 ‘OT FE9 “9IZ I6F ‘22% 
IFS ‘61 629 ‘80T 99F ‘SZ 
00¢ ‘ee 000 ‘Eg 00¢ ‘912 
LI9 '¥6 L8P ‘ZZ POT ‘L4G 
OT9 ‘ZF 9 196 ‘06 19¢ ‘ger 
1lZ ‘LP T10 ‘TO9 Z8S ‘REO 
99¢ ‘26 888 ‘869 | $02 ‘069 
IG ‘FoI PFS ‘290 'T 998 ‘216 ‘T 
og ‘9 912 “LL I9T ‘F8 
910 ‘Og Z09 ‘802 S19 ‘SEZ 
82h 'F99 =| « GPE ‘EHE LLL 'LOb 
819 ‘2 9 G29 ‘ZE £0¢ ‘OF 
PLY LE £92 ‘10% LOL ‘BES 
ZOL ‘LT 89 ‘80Z OI8 ‘Szz 
62 ‘961 9 IF8 ‘29 T OLS ‘6SF ‘T 
869 “FZ Leo ‘ZI CkZ ‘2LT 
ecg ‘2, ZIE ‘9¢ GOT ‘F9 
61 ‘FZ €8E ‘ELT Z09 ‘261 
9Z61 
9 S1090B1} 9 Sessnq 
peol pues ‘stxe4 Sean ae rity 

“gi syond} ig tS ah oy pe1ojsto1 

1010 Josuesse J 


1240} puBip 





¢ PoUMO AT[BIOIOMIMI0D puB 
A[[VNPIAIPUL SaPOIGeA 10JOUL pIi94sIZoy 





oe 18303 puvip 


~~“ BIQCUIN[OD) JO JOIST 
ee aes ee oe SUIMIOA MA 
aa eer Senet UISUOOST MA 
(een. td BIUIZITA ISOM 
Taree eee UOTZUTYSB MA 


wna nennneeee- BIUIZITA 
~o-e----------- quot I9 A 


ee 9oessouud T, 


wa-n+e---- Byoyed yINog 
oannactee BUTfoIBD YIN 


hs ae puss] spogqy 
pa Sh See eee ee u0z910 


Ba Ory a ae o140 


-necansnss Bj0¥eC YION 
rssenes 1 PMTOIBD GION 


Sabey soar AN ase yIOX MON 
a ahsiniatig? OOTXeyT MON 


selene enews Avsiof MON 
------- aiysduvyyT MeN 
~--------------- BPBAINT 


a i “-*<" BYSBIGIN 


iE a Se me eueyuo yy 
rail’ dst sae LIMOssl py 
SSC TddIssisst fy 

Sasa ae. BOS, 


eae a are "--- OBZIQOITAL 
--------- s}JESNoVsse PL 


ee Cae, puslAIB yy 
ee et na oulByy 


ero creccesseee BUBISINO’T 
no-no --e----- Ayonjyuey 


oo --------~----- euBipuy 
wan nee n= 2 en n--- sour] 


ao nn ene n ere eeee- Bpliol 7 
wee ce nnn ee eee OIBMBLIC, 


PP ae oe qnotovuuo 7) 
po ren aD Ope10[OD 





S$94BIS 





‘9C61 JO SHINOW XIS ISU AHL YO SNOLLVULSIOSY ATIHAA YOLOW 


«%,, xgoid Aq 9aoqe UMOYS SjueWAed puog AJUNOD 5 
‘yomjed 10j0UI AVMYSIY 91819 JOT gy 
‘puny 9SPlIq 0} poywooyly , 
“UOISSTUINIOD OSPIIq [02 IO » 


. "S1991]S VIOMINIV 104 + 
fe18) HOOPER Tec Ee 

o : 9 SU 7 a 

p9TB1O} o1e TOM s[iejop Jdyeool oyafdwo0o peziodei UUINOI 4sIy oy) UI c) haa Re 8 dea Bee 


‘9Z6T ‘Og euNL 


“*JUIUIBOIOJUO MB 
4 3 JUO MBI wen O1NB ION 9 SUIPUd Iv9A [BOSY [NJ SMOYS YOY “VUTOIVH YON Jdeoxe syyuOU! 9 Js SULIOAOD e1Bp J10d91 $91819 ITV 1 



























































































































































1810} PuBI_ | 680 ‘ZLE | 208 ‘998 ‘02 «| £18 ‘288 ‘St | 69% ‘Tec ‘6zT | 968 ‘029 ‘8 |[--~-~~-~~~7“|--n nono enn eee =-[----- === | -- = 
(8309 poyreqeqr |------ 7" | wena nnn ene -- peeceneenee ee ee amet eee eee eee ee Ee io eee et | OFT “6LL “296 | - 18909 purely 
. LG 2 . s ‘ ‘ ‘ ‘ ‘ ‘4 a, eae 

‘100 jo “4qsIC a-=----- we oO Fea ee | zoe ¢ : ; Bes 08h Nee T | T6L 8& 19% LL L8G 960 GF TPR Le0 661 RST Sel "TLE OXS& “C19 *“1RT ae [#104 paie1q 

“BUTUIOA AA | RAE oe eee FC vit hoy, ons 9eT OTF ‘OI POL‘ SE im a 066 ‘RI gee ‘gy OFS ‘16 +6! OF : 
3 6 4 , Se ee 4 ep ee ‘ Z : : Pte. Cad Cras oe eee are a ee en As ? cal ‘ > y | Lt G ro ee ‘TIO > 
SI, Geet bo=—noc| hooey em ee ae] PER RUE | Soc tice foe nee Spon aaaie Pane igh Eneote a Pete | Donate, poe‘eer | S80 THR ooo Se eak ee 
‘uoqsuIyse ay |---- |-2o2-=-"----- SON SLC SRN ES A) Peas Fe Nats 669 ‘OF SEL Sre PTS! ML Seeoen Aecaeieee Mee eee Mees ee ee meena « U{STOOST AA 
cael aaa 1. Sra a ae | LOD ale Wa NikeePo ee ee fo bn ate a SOU, (GeV 3G > WO: FUG | Baan os BIUISITA ISO AA 
SHEER ALA Cas eh ee eee / ian TPL 98 OLF Gl CCE FE £09 ‘FOI ‘T | cee ‘886 ‘E 666 ‘Z60 ‘C Ap at ag a8 te 
Me ey ah RS Ce OTE Oe pA GOT ‘186 ‘ ZET ‘RET ZBL ‘FOZ ‘ay ‘ ‘ Paet aS 692 660 $ «TOTSUTYSE 
SEA focereordl encase eee AC I Ga ep i 98 2G | SEE ee BE OBE TE Br vet | Pde a | PS) Pena oie Och ad ns cee: er 
“SBXOL Va ee |-==---=----- [apg so ‘ ‘ A Sa RSs 096 2 £66 2 F6E Pat 90 ty F ‘ 681 O81 LIT Bel I 90E ‘S08 ait 924 ‘TOS ay 7, iter eae a nak Bs {UOULIa A 
| 68919 E = | BLE “6SE GB | CCT ‘TST QR) ‘FZ 122 ¥4 coy ‘3 ve esa ena eTh 696 _6EF 1¥8 ‘Zag POR 'S/0. eee = WRIA 
‘AOREOMEM Wilton =o eis tetas te eer |= eerie ay Ce abana) 1 A nee ng ie tee ee : ont YA i i aa tgs ni Re 4S ge “ia etn cor unt =| ontoso*eT | [taser en ee 
ins ‘De aid! Raaeorpiens FE ‘9ZI ‘E 06,68 9 [ttt tte [eee ne i ss isa | OLT 9F0 €T SBXOL, 
Boye yWINog wad rors, | portant? pie OFZ ‘02 120 % “--| ga é é ‘ F 
‘purforeg qnog |-----*----|-------------|- CL FST T | F8L 661 T | 166 LF OC" aes 019 ‘2 so Oe areca ee ee pv teen eG ee Wea mOsm eee ,o0ssouua J, 
-pue[sT epomy [7-7-7777 |-----==-- === -|-- === == 186 (949 I LI6 ‘CEI COL GS. PS ease = enne OTe Fz 126 $1! a gee O89 POT % GEL CLE TZ 196 668"G. © a .B10OyNq Wo, 
ES ey aS on ges ‘109 T | 290 “62 820 ‘BF 080 ‘6ZT | 066 ‘ET rene Wel Cache MIL ete ae te So ec ‘con'T | 968 ‘284 ‘T © |---77 BUTTOIRD YING 
eek Ey Oe i Seas Moe? ph er lene 09 ‘FI6 ‘AT 199 ‘Zot f atthe Satine ; (2 fb u D PPL S&P T | S6¢ ‘O89 ‘T pe puvjsy opoyy 
wogein |----------|------------- : Uo FEO LES ZOL T | SES P86 T | FPL 'TLE'T z, ‘ ‘ T YC : pod 
aiGirtae ee ee ee OFF 298 J | TOs GOT ily ast > see Z9¢ ‘9 LO) FF ae ra es be 888 Ce __| S&T LS ‘g 999 "PIO Ka R62 ‘TLF ‘LT 2a Ca” ial 6 San aac ,PlUBATASUTOg 
ihe SoS ey ena CHS LEGS NSIT ANIC Wee a be ae Besa Se eae |2P0 892 ___| 9ET 16S 'F____| GAT PES | TOL ‘69h 'G | “=== , 108210 
' CEL 06 O10 OEE) ere | 90z ‘CZT ‘ Aiea AO ate teed eterna OWE, eat nee Fe ee eo, ee ee or ea ee BUIOURTS 
‘BIOMVC YUWON | OOO ‘OEL 2 |[-- 777 699 ‘OL | gag ¢ E be Ul DPO ee ve i CPP pot be eS | ee i a ae OF ‘R0E ‘8 118 ‘919 ‘ n= (AR epee te 
“wUTJOIRD) UWON [ooo fee BE Ee ea) O08 Che 000 ‘OST oS ed re sot 0 rere ca ee bie 8 OTS '8 oqo 
MS MONT Seem ae eee eg) ‘ezz ‘9 | oe Na he ee A on ee Reg 87 iG AUS a alk aa i ton | deat Senrnn|= Soha aaa deh a Salt 1 P69 00 T | REE Ith T |= | RIOHEC YWON 
eS a a a ion ‘cit | zee ‘rez O86 L8T'T | O€9 (LOT | 8g gag 'T_| Lem iect | soc‘eo | OLe ‘ee | seo ‘oes‘z | o10‘oc8‘9I | B99 ‘900K ee rental eae LSeHOISO THON 
“OAT er prin sic Ls | RO 000 OFF | 618 ‘0z0 ‘9 ore “eee 212 09F Are et | 703 | Loe 808 ‘89 £29 ‘T6Z 186 ‘6Se Seige os pet Lantos yee ON 
vel SC SFT AA Se ee rae gt Nn at a cage oe ee as ee | dn fix 5 ) Sd Eas Pe 296 ‘ Ws d i ¢ ! ‘ ‘ é ‘ ‘ | * 
SAPO Pecswteadl arent byl dd G19 ‘SFB weg | CEE ‘EE 590 ‘FFI sot he ae me S76 6F | SEL POTS | 9F8 "FOL ___| ¥89 1688°L FOL Ler Ok Wipe «40810 f MON 
ORERENORE Pe oer ieee ter ce oct OLE | pee ia sinice set fe MR (gg ate) eae | poset ye =i ns Sera | ar oe ec 1 LOT $86 ~~ -arrysdure py MON 
re tah A = : ey 8 Ma oa es > ‘ we ORG ‘R8T ys ee 2 
veuoquoyy | gtT'et @ ooo a pe ne ‘phe Shea rive | siz'e | usz'e | gca‘toe | coo‘zen' | O68 eva ie Veta. [peers vem aky 
is 1 Te heal (Coa cae ee ac ¢ é J lnts pe ttn ; Pe 4 ’ OV a) A! ZR ‘Ee ipl: F (aatiadoes etl ala tare : ‘ 

a arse 108 He LTA care Wren eeane ape ites ee te eh pot: Beef EL as ROSE. eh 0&2 ‘ehT | gu8Tsz | $09 “S68 ian Tas pe eee _Bue yuo 
IORI poset = eo Otay ol Le got | BCOOG be etn ogee eames = newer ‘ ae tet Oe et Sa) Me ys eles mane sae : 
het: | 000 ‘692 ‘G0 | geo%egr'g 9 [eens 116 ‘0 ae eek OF, | O08 se | wre ‘scT | Thr ‘cue'T | ogy ose Sanaa | eeeeeeeds Nadieenetre 
‘ae THOT ee se ee ; 000 ‘002 "1 ‘< rf | ms r a . eve, . ts c pate “G ae 2) FL O19 “i ORI ‘ecg “7 12 ‘Cg] 6 1 Cri 0 en) ere Cee x ‘ ne yea / 

‘syjosnyorsseyy |-------- Veraacent | Wiorace Tien aie ey 108 OS Fse0 Tal t9¢ ‘cor | oze‘tt | $1¢ ‘ser | 199 ‘ooF! a: iin Se a «80ST TT 
“‘DUBlAIVIAT: |----=----> bate ea oe eee ¥9 820 8 | GLE 969 F9G “SES OFL ‘808 cee ‘99 | 11 "EO a 9 99 & | G89 SIS OL STE G86 ET EOS SCG PL i Whee UBsIQoIT 
jes hh (ES i cagates “O18 ‘6zhr | OF 'BIZ‘T =| BRz‘geT | 628 FIT OF6 $6 ger pL0 FE | TST OT | S65 SFE | HF FSF 9 180 ‘869 6 1ST ‘egR"0L © = syasntoRsse yy 
999 "FE | 868 ‘ZT9 ‘T e0Z ‘FR O61 ‘Z9 182 ¥2e ibe his 998 ZI TTP el FS9 ‘69% 268 ‘LOB “1 OFS “E10 ‘Z FES 288 2 - | a pueyAreyy 
‘eUBIsSMOy |~--------- accents Gidea noc ee a Te eat oo) 6. a88 (61 @ 190 $18 L¥G CLE ‘I FOE ‘ERG ‘T 199'1Z0'G 0-2 La ca 
“AGONIST apy “eng zz ‘9OF 927 vata: od Ga aie a Reet = NM weed OM ign peg en oe |e nce haces fore mh seers ere aa eer aa ee: : | <TR 
eA > bl) ame =< Tee tie indies lai tetaie : x ‘ Ahead soho phd 86 ’ LOL ¥E lig ‘ na@béy 9 |w--------- ee Z LY ‘AES ¢ le > ae ee oe r 
2 Gc Ses RRO fe 090 ‘OFT | POT ‘SEL ‘ elgg Anh Breccia e OF4, rt |. Orr Te eS ee |B neg FORTIS | GZ “E88 ‘Z BIL ‘GFL ‘E peo ‘degg: eters ates 
I | L6G ‘eee 6 HOG ‘REE | so [rrr ttn anette nnn nn nn ne enn |e ee ne aan [eee ‘ees PE a Pe ZEL ‘ZOOS ‘G - Tey i ptr 
‘@UBIPUp |-~- 7-year n-- 22 ee | 6ze 219 F Ps ee Ei ar atte ; : Ot a ah Ae sie ee Te aT CL Gatel rac eS Biot 
SOUL |: 000 ‘OTe ‘Gg 9 |----------- Bee ah [ees Baa ve ESF SE OOT “OF | aL ‘ f ‘ ‘ oreo = 
men's ee 299 et d OfT ‘OFI! 608 689 LO OFS 6FC C90 “FRz ZOS ‘28 ue a eae its GES 626 | GE SPP if POG LEP Ag 628 ‘GLO ‘F [ar eee GROOT 
Hies0eL) Ase onsets exeieee keer eT OF I S10 FIT aie «| LIS % 909 OFG ‘IZ Cc ra tne EE 1F6 G 00 OF 6 ere Loe Gl 608 “60 ‘EI ats ee SIOUITT] 
a 1F6 ‘9108 | gc FR Z10 ‘ a0)‘ poate SUE LCR E19 ‘6F0'T — | 8B 9 ‘SE% ‘1 TIS OC oe ee * OuRpT 
EA UE SS Sper ie POaaae ae epeelety \estiada’s | pag‘ore, ilps eee fer ele sells 1 Coa SO 208 | SLES S086 BFO"E | FHP TOL | 8131094) 
A sae | a cea i Vera (here oor BEL ‘ZOL |-===-52=---- ‘ é pie Mig ecoe eal fa st Banc ee greg tk © ae eeG ne ieee ney sesiare 25 Moll ea ace ee ; 
jNoyeuU0D | [Se ceeteanee ae | Mero REE Pal Oss EI £02 ‘SET 0z8 ‘9 OFF ‘T Te ‘7 is ie é PSO S19 ¢ eVploly 
apardyory |===--==""| BEE'aog | | aia tROd . tees gaptag a. peceeeeteen<e eee hh WE 2 RS eerie Weetn et A Mie ee | Ma ee i ,OTBMETO 
; Remar Te Spec mm U ) ee OSG Eso) Steam | ag ia GIG nt ee aie oo oe REL ‘OL gfe a: 0 ence erga Up ontetere een ether eee Y | L8G L8G Gf + MOT9UTO ) 
BIUIOPLO | |----22--2e--- ee eines Sane’ fir , ; £00 "80 126 ‘LOTT £6 ‘GTS ‘T Sno ‘eget! fo-yae=s= "a= OpRIOIO’ 
‘sesuvyry |--------~- OORT ORAM Re BAR ta IS $16 ‘IST 118 ‘82 oo tel saetee | erases Miele Sinn, Ae Buta ocak <OPBIO[OL) 
‘guoziny |--7-*o 77-7 |-----o--- 861 COB | S16 OBL T 000 EI OF6 ‘LEs GOL ‘OZ 00% ‘24 C66 ‘T$ ooz 21% | O98 “¢ 2G | P20 680 F |) LPO LL9 9 OLS E00 Sh et “hee eee <BIUIOJITED 
‘BUIBQRTW |--7 777-77 |------------- ' P19 “pIs$ | oh on ep atend oy accor eee sla Ramee e nina on LI$ | 098 S69$ | 996 "PLO "ES | S78 "NODES | GT6 "£62 ‘E SRSA WOME, Sai Ty 
| Gt eC), ra GOC"BG g§ [Rte at |e ac tenn feeee-- = PREETI SRI MO Laer eT DE0 CSE sh gee BUOZzITV 
; -——|- =e fon = ne th PI ee ee a == ee eee Zee REO SE. Bit at aoaeeees BUlBqelLY 
4 Spuoq peo. | a = - i | <ceamaaime 
SpBol sAPMYSIY | 
sesodind | _ 4?an0a B00 squtied SefaAo $109.1 BOSSE] SIBd 
ca Na Peach ae aye pus SNO9U] roqesodo sesusor, | 2O}0IN ie rae pu SHOU Pe ee a det 
$97BIS OY = eS U01WI[OO -[P0STTI pue §,JoTBacy | Jesuesseg [RIOT 
Inayney yy = sid1a901 
sesodind AvMYsTy 10,4 3 sso13 soqe4 
: SePIYAA 1IYIO SIBI IOJOTL [RIOT : 5 

















syd19001 
4d ssois Jo MOTIISOdsIcT :S$jd 19901 SNOGURI[IOSI PL ($10 19091 WOTJV1I}SISO1 JO UOISTAIPGnS 





SS ee 
i 














961 JO SHINOW XIS ISWd AHL YOd “OLA “Sada ATOHAA UOLOW WOWA SLdigoIY 











“6 te ~ + e -. ms 
ene a se asc Arete) ~ rah On Me A a ca 1 te plek t Let VAS . Pe! 

NS “kk ow by 4 wth AN Se WES Stee eranene ah tate j hrket bal take at bed ied Le ee Te erry tsa. *s'" & & = see Ba . J 

Sfttite Ra ad : Pas he heen Pee 8 ere aoe eee dedek. wend Me és. e \ weeds 7 oP ™ ’ 

es Net ea ties to ta Me Aue kee to's tt Tala eer by eun EC TM Neds yy, tis » . : ve } ‘ 

uh 2 ee . ‘ Mila y he tee . + koh 





































isi [Wes Naina Pee rT EME NSA SING E arte ‘ SS bhiss Wash bod cantan a ; ‘Sh bin echt : be 
; " rm bM MW Roles Bad 


th Aah Rotts: pe ent . 
~_ eat! . ANE ri sv mahal r 4“ a 
* haat oe) arene Say ‘. wee en a ‘ WN Sart tices cays , 
SS RY aN, ~ trys Pere LG? + My ag ye! AA Aye mb KU 4 was *» ae * ‘pan wah: eULS aa my ri as Pr AE dora As) sin? pers ee, . ’ y ‘ ‘ wrh uy . . ‘ + 
Seaman Rp yths wert arate Nt MATAR MOR eent a Caldia OONTORSECEaRS HDhsMiet erik ALU MUNN TG ct Pac IH a pikes geh ARNE t NT, an 
+ ma bawe. SEO eee! ry ep Ah hh bey 4h ah xy A . ‘A Se AMEN (ees “1 ‘\ a ae 4 er AbD Skd bat yay Hite Re ee 4 er tats n , | i AG ¥ A " ha mts i ™ Ny bt Ot ' 1 > 
Mt , * Ma Nes praia Fh da ta ta S| Sad 08 oe : died ddl es at Ue et Maa tt ae } , ‘ teed 
TAO ek % Ay 74) : ee GLO eet 1 Yi MARS yy "4 Tabac) Lp. arerit + wha. Satis eh sds ha Ne spetaat ads 4 4 en Me try Won t er) ert aa ws ’ it vs art, x he Maher aa ie Wine - Mau vk ‘ - a. La, ' 
Bh kt Mie Sac e tta | gy ‘beet bee : n a Nude tae P ‘ 7 Lule ea yi % aE. tL Or a eT Od Tey eT fr SMe bre kta Ne gee sion Dee ere Ore hoy Wie Mac tay e5 byte - st ‘ ‘al i ety ak ’ ; 
‘he nacar BRAN Ks hy A mht t WANA Ay yh eas Pate ae Site Hite hee t rn te ome te hate healt Se bb rath et OCR Uk cae) wie ® hier eeme koa ty i OL Ta Bes Nad the tie ta bo bin » Wet opbbat he, Aah i SMA Kb lea hh Raed 
SAN y ‘tadola ahs & t. 2 SS 4 YS Rw hie h tte ’ vey 4 Ah AUP rhh ea Late ok Lote ee Ee be BETS re AE raed nein STOP rh 1 Marat hn ie FSCO bmw Dd oo yay dy gehen Lela] ere Be er tile Abe poh ome. vat 4h bes Uo 
TAN Ale tya gt 75 . sa 0% SRR | PAS a ble a 7 WOR) bape er hiet w heh bate th ‘ Jiu bob th da 7h S| be baby Me lblboanie a, ee Feb ytraly ' i Fe ee bie A 
Aran eer APA, RAs Ae PU LL ‘i 4 Ty ee Veen ‘ Ir Se ter heh ade aa he se tne SRA iD TUS Weer poate samen UD Leura ate ome, bop BY CT ae 
\ tee dhe Sut etal yy Sy \ AAD TATE a a By PTR SOME tale. 4 Re We WWE Si Giustil Cake te eee Lire Alegan Ub te Hh eT aye A ER aa pre bby ety Se M1 6) 4 HR ORDA My hahaa fea pe > se hee 
SSC bee WOUR G4 Talitae tet et une pene tee eve 4% Yee a oa! Viw LE bce bh twee bee Ver Cee ey debe baby AGL yee MEAL mad MN br iteral go ata vara Ma! 1k Ag witha ML AtAa ta Oe iat cz ‘ ‘ae ee re 
Ne: \ 3 ‘ ‘ Lh Lh eae \ Paet had t ' kiwia ‘ a we be etry ‘ ‘ 4 ow " , NE Ap (A. 5 
Bt Satan Mae taely neta peste ANY astarg tun *“ Si Seen it ch} tari, th weetye A Fit 7 lieu) eta BS suit Mi: hy fet oh uf ier ibe J ey «ni tity ay : cbs! Orch e wale - ai i. « re ‘ ’ 7 Tees, 
. wave tenant re iA rakes Oh TL ry hd Te SO WTR Nie ah ke < eA bs tk et, Mek eee he hPL Lea coe Mt, ere ' Hehey wee hys ‘ ibe ZOS ‘ Ue \ ae sei he . \ eb ye a whi 
: EAE Sieh i heres Pepe ate to Ad ne WANT Ar sof Wha pda abe Won ak AIRE tea ra Thee phew ey OLA TACO A AL Sb Ea NPS RT ow Vie eeay : 
try tye ne ey mee STAN teres BPO OMY tt La Ale flute re a se bcae hs i With mabretce ath Tey hat Hh Poe bbb hee. ‘ hie ' Sev at eee 
at dl & te kek ee fecal are #Pe eum eT artisan Un ebit ie te eee ¥ ares et tl ee wi it ‘beat, ‘ ' : . 
habe My, Prete a) yaw lw + Patty V4 ie , sh ri Us ht bby Wit 44 ita wit 4 ‘ 3 
y, Neehed heen re WAT SWARM SON welttnat ro) eh ways RRL hk nh il toi Agee Ret i yy ata ok ih ae seh ye KY BAAN Lie : ~ Ooh ‘ mi " “Pi pit ns eh Whee at “{ Pid act ry as J Me Lan 4 
ae f CN Pa RA desat RESO oa ty 4 WAL Lee a »* NTT te a4 Oke A ta bay hp las t 4" " PAM hh ut be Ut eollae Wena Wis Bal hr tf > th Sk 8 ' \~ PA - 
NULA an i : rk eb ‘at EUR Ary ee ay VERITON ya bray MPa th a Satay Vo OsB ee 6 16 eee ate OPE ab rae Ua te week “ Ls ee eet th irate Lu i: Meth yi . L ‘ Ome! Ave Abra ar Ue i Sane y Pee, ts \ > 
be Lt + Tear Tah Sate HES Ro Paty! SU cy et UeTUR tiered ea eo trarer arte Wa rerwrerdys dak TTC oe Yh te pees Fein bre Ural Nh Rdeh poe a ee ae Ve tilee ha, Witneet Av bn ESetyk a va ‘ 
so; atataeit yy Pars at ee ery a Geek oe LWA Aran UR ETA Sree y i% Gabe Ae ee | ‘Si0 ay) Beer i a a Phe be EA a lee is Mk . ‘ : Alaa eee ‘\ Week 
: : Ghee Soh eee TEST he EV ULV reek ru teh A bk Sr era g etal al pnererhed ys ig os oes wih heasy aa Leet? BL ey be \ “ @ou's raul ats 
RN Sacaten ees ¢ ie Hla gh eb ha { sy ye Mix 74 ye y te ea Wwe a ee a r erase Ge Crpea thay 4 Gita Cree 4 aN Ae bitrs Ur 8 tr, ines.’ 
29! +4, VP eet eee? 4) Salah ta90 1d tae Va ea ATAU eit: oh hn a To hdh the rade PORE ry 4 es, ‘ , eee benny a : aw / 
Sra hoy ai cea th: ae TOT ANEMONE fe om Wraten NNN MM Nene t4 Ona ey krhates ih! HA ett an} at My . cae Nae mi rn} mabe] bt) SP pen peat bite ea Oh rein gat Ae k fe 
a wy wale Wt st hata! : we Mid ad: SoG) Mase a {he toe, i fa tees ee Chr ee hy ore: 1 Bp rave UE bra are kot ha ot era Te i raierg) alae he bab? ty et, TY thy OTe) ob. A et ithe tr vere etre) at | 
syed hy WAM AY wah yah ¥ MMIMGREL TE UTE SOUT OL eke avery Yh “en para: rey eT arad ately Le aL ASS SHER eta estie: DONA a ins SL TUARL SLADE Rea Te Mn eR Fume Cm Ye LON Ck Mag eS er wey be ede hs 
hs “ire! eh by 42 © a hecie) ears hy bert Att oo ih) 6 sory As Bid stA teed yy of lelesere yt UMP curse { act Carey ee ven tek mabe wsOiueget t nt vid ce ie it ‘eM ge SHREVE TE a Le Milt, Wingy ; . aio 
Sahota ih sea tte sme ate relat VNE ei) USLYOP HPLC LOSE tate Ade SON Onan h Gethry alee See Rebs S PGF Laeeies Coty b Chi Boh cy A Vaal MOV cs LETC u Sry Cok cigert te NE SRO pr Wend ji) o 
san 4) Awat APRA LARLY Ue as ae TL era es ty tad , OM erhit vencg) ebay Ps ary il selva Aya Lebel ‘ ue . ‘ ‘ hy 
ee Sein Ma Let sy yg +} Syaatiie TEM ite Nahe AM hate +4 ten A ti Ua aleledins ‘i Fe ease a CAPE cchaes sin ; aia itd tan Wie veh toy MLR Otter ardey , ee dt ‘ee ‘ aie hard {i Vp We bre { ite 
. 4 art: Cary tN ra* CAM Met eGehie VAntA Lis 2 te ee ei Heelers Oe aad af » reer ty PAHO WEEK Cea, ire rar Sates ‘ ‘ tis ot ‘ bana bendy yh bi jie ’ 
nha ES ta at EPS ana PR aNA ME Me Rue Eom aTR ASCs irc eCluse sey eae Merk og im YR FNMA RATED er dines fet Gada ore Dh Da a Pee BP Raph a site eA reg at oe heen Ie i : 
A wi ele ee 7 MAME ie AoOebe ar, } to heg aT?) ‘ sec’ 1 i ‘ ‘ dees, 
Mates Me Dae eth SENT Sa ARR RS eal ae UN the iat al cana AM Use Bhs sg IMG ey oral ere ret v0, aU RT Oiee SMEAR Doh Da WTDALAC AEN es 
ele tr vlna PEs ES hs Rts i DGSLPE ELL SUIG Bodice tard lich a tat tele tee eee ls hate tete EAR oe ak De TET GS Ne Fab he he H rba Te! bre Lihat de t f tHASY “4 ate Ree 
Lah ort SE Pek yh 1 ‘* PANIC Matty pe ater Tar abe as resPih Cte le Libig HOMILY ate eer hitte: Ore BNE RIES 4 ATMA CUTE ICA Mihbehrcnoe Wn ie ; ere Puree PLL SLM Neh beg L unt 
ST Sara Ta) LAaty OLS Rares) WiC oned LMG RIMPLSE TE Et Toth vate Wen Leyt fULare UH OST babar aed ee Peet trary Ll Aitkin not Pasteee dbs he de t Lag . rh 
hak wide Senta sR to aaah? bbe Dh aads sa) Maia be SRE BET 7074 hehe Pad ao CATER ciskr tute lo uste COIR OR TLL Mera eM tert Ar nes eae Ne MPSS be a, UPS taht Ly aah yy wey erin 
i ere irk PUA ee) ri gr Tae Hlth ee USI NS Cra IO ha SLAP Su RDS be Dre PO Pree Oo cetioik iy LWWE SAM ry) Sree er trey ya ty hy aT Whi ated oe f ‘ an 
Hu tat > Meteratunh bea ¥ tevibhle hint ts i HOM eri gediieutiel eto catae Pubs } Ghee EY POR Rear cen hee ta ta purasd A Bt Bry as ‘ Paiwaikiea vt nt Wd Tien 
hie MA Ue eit F us ener IRIS Rh he bo UPSETS pee noah a) Fe REORE Gs wsArtiey HUG Witla OO Reichs Maw AMAR oP : Sets Ae Ry be es rte Vit toy We a ayi yeild 
‘ Hi “3 x 1 Ti Are ay Me eet Ne MAU DART rh oe Ae de A Pretty ¢ tye shy bela Fars iby oi iat ery ge eye Din yard )hpegilg STP nd hear nla at Ravn TT SE Bae IE dnt Poke Phy Teh iy 
ardtgty Was hey riche be Niele Peden a eran MNS Nit us Wi valetascsermsM bstut eb laccay eles heh Horo A atuete teh Sou delet toys APTI NS lbs orale LUMA ib rR SS OL Bae POn Mp er mite gd, 
Pat fa Ree eC Relay PONE SA AM Creek pe baie be eG FL ad : shah vith Oe tLICIRar selec rite er sete eas Lene Beat ay hte ERY es Cede ae And Pal Pk OL ot Bes ae, Aled bit hay a aa) hh ‘ og tt 
at ft eH “a Sai whiny) it wigees: tit balay Lae Site hte Raine: SUN eed chat t i 3 fh tits PY peeue neh erat Rit ‘i : Ve SSC ete ial ret ” rAy eat Re, is Hr ow ry, hs nt by bat A 7% 
{yn sieet ET TaN eaves Cane eueulashn inch WUC weve tina tyes Side auterity RFHbeA seca CU Qu bah ht Cyst APA UG GS Ne WOOP DPR SL na cet a? Ora ake pel ih ey FEU VAN An kei hot ibe 
H isi’ ee He ‘ a ati + sibs Veet 4 Vib bint Ses NP uted hs Peo TaN PR Hye Ve) | od i: Hyak tbeadys fee hes ee be ee ih Oe kL ARUM Tle : r a] patbelos rye st Py mith, 
Mey saci Hae Tite oie Het? HN EtT te Pirtarata ect El E tay THOMA Dany be henias an Pea DT tetas bi aR Ma ard Sth ECON Mata ASL 7 airy Hates) tart) Were wi “wieal DAI 
asa Hal Sic i th ih Hitnt te agi Paani a Ut uti wate yeh aad 6 ¢' ite er tA {ia she i birt At Lo eae | ae hata hs eter teh Qt Si Age tyky? th oy yal vids ey ys en t% ar ceaieet FH ieee ana | both ; ¥ : a i. begins e 
eratte waaay iNet ut aye te 4 i ne Ak tered? Tre jelsiites vit tag yh Ptah att seer Pt CAE Hath eg. hy shee hss sy04 BENS chat Apt wR iran wT wns | Tek MFCR Teta Sr iC tape Raa) Y we Wh Nu ae 
Hai Shey: tate ty Lb, S13 " (tie et EN Hh Mea 3 TUNEL Ob uy Mi rat wae the Ab i , Tirta? hy rah Th ae [Bigs : LAY PAD u teh Weber eid rey xu 4 bihiete trey Net te a Feed. at eter rh Pe LANsas Abtiebie. ; 
PAM CRs ey iy yay iY Sil i {i ‘f aut fees wach cod) Vee: vay Liteon nie ath be ienseal ea ied oa Nts east $4 obbehclathe itera eels Ck rae} Paty RE ERTS ay BBba hh ' > bat ~ ee Ht 
y tl aye i Oye Seta Fy 3) Fite ‘ale have Waele Vette fee a {WO Get u vine Gileiabe }uiatavee rae st i'¢ Tar eare, Wap nites by bake ht) Oe t ah! ] tALG ' ae 
taht eis: Hi Me ny if ree atta ' i) WAL bey het alle! : nt [aye piven ins SHINEE Thee fh Vtg heh Phan SALUT IN RS ee ire ohm a AE Wicbee hbaethoeblace Urhag Pevee SOC k iy CN Oe Cre Cau 
/ ey iris hese 4 aye Kt FOL kaa Gy eG INA asia tat marek! ail ger Ge Furbee at + Nei Ho HH) th sata dd) ils iin i! Mpa tor HATS Add ihe) igri SSO Bt Ba ab hana ae te RUA t SOY ST kan yA Set ed 
res ti PAR gt Wes MUVERERESAO MC HiIee bebe ret Peat e Ls DES: teas ee ty ¥ Hs ae Y v hepa at ay tae VEEL ES Pek N LAM tht a ati An Se ta eee ee a bed Poe tery nL aa) ee yt br (ehh Ate at haw ee <b 
r b ae avr rity 40 ‘ Staaie Hara aby Sh aa aaree Hh ¢ aaihaies ‘ beararitatesy PUY PAP tle tity oe ae hes eis LH)! A LopUeer eave thet abe Crh ok Oy ita Wak hohe l eb etel 1a ay SAM Oe ea 
SSaarn's ff Aghia “Kh eu ee Byiieat Vee huabrhe Ne ry Asai ite UCTS Os Ea a ee Mh +, HEAT SIG aan ne hte het vi Ui eegt Chl erica verte sett Te hae oe ee OD Vivedty. Laer t 
a4 v eltas Hi Man ra A it ai cis ts ib G rh \ BSW Ube Vist eel ales Ra payer hs Fe reets i i ‘ nF ’ eck yo ah 3 . Gra Sreree av Tee | Males th Maid nest S| siti eT Re ar bah Dye 
Shee ore it SCE Ty He Vat: We TOMECERERSOTb HY es ae egy Hay Py ; ) WEL y tig * t ’ Hed sibel ny yews ta th he Pan eR \ i i rhe Fen MED Ee BLAIR ia MAcL rpc Tr | Lv He 4, " Lae ‘ 
wists bude *( TA Pa Shee a. Meo cay ap Uisrreracany sus Yih bobbed os tity has ge ft) eth nae Wi PLC Thee sisaeonl Theed Ldeos Rive ete, ees Perera Were Gidreal Makea? oo ' 
Hatt OSA SG anietne te ROME ma eat HGR TH A PEAR ES la dies sath) WAG QLAA SLA aS) 
i ‘ a 4 : A z Jee beat ee Bob f) i 4 iN " babe ted ik beak oe ¥ en geri tb a4 Me i. , PE ph of o ak 
uth ie RAN a att HH age He Ca MEN ARIAL oes ARCS CNM NR HSI R a bate yen LS APASHH EAC DoH EAL RIT ONgCR restated uC MERI U ANLSL RPT eh SL ofa Mae 
ee inet cae att Cre RK AEA Ne UREA aa it NT UNTER SOTA WB itbrad trees bOA Ege] PATCH To pe So ad perbee iRie fe chk) 
ih ; ¥ saree tye tr At ay etek rhea er rea rij i Te ert t} Me Cat its Me ik Ade Wabeanisertsy iad oy SU bet PLAC Rd IRCA i fatcire ys: ete tael or ih aa Te pie aUts wt cry Wtn seat ae hrtae A 
Mea at Fr Hien ik ; uN tely tuys it ‘hit Oi Qe § t rere. Eel elas ‘ ) ARS. id 9 rite ty wi eprigs wgegel® Nabe deere) sa ete wie More 
4 yee sheet Bovey, | 


t i 
i rhs t crag th nite fiat ruceae 
Ua ttt Lie pita ngs Clady “Ht ; okie sO Ciba! ty yh T lg! igh YP ae \ aut : ; 
i He Mi i, os basen ay tag Hy, nh ii Farhi SecA VR HGR: sah iatiaaer attends Page iseeaeete BOL erat ctw Gad 0 Oe a mre ae 
i 4 1 Lila 4 5 : . r YRS By eeu ehh hbo ee 
hie whol. A, 7 ; , %; 



























































































































iat St ea ith um 
Oth rd ORAS 
be ih uy MMi it rai wt if Hie Dah ati mn ae tant rts t iy pt bath Hi Md Taxg ant bik onag n M4 ; io 
sR i Ue é ee ai wi rt Ht Mas tht iis ME ighe bi Grabs MebEeSULSE CS Ur ae tT eT ment Gr Gr Wiebe nae teal erate WU UCUN pact ep ate sg age: 
a ele “ maclane sta a iN at ith a carne CRA URE RL LH HAN SINR AEC LRT EU Aces cc tab ta re 
i ASG ie vet mf ‘ elegy HEAT eet Anh wtkeer ia) aa there beta eee hatlg fH Ay Os iH ST ited Cy HAY hehe ih why toe Ce Ai Ed wre erbv atte! Werle beeen yy 
aa sult ia bal Ran Shah ait peitAonntean Uaete cnet eeue ‘ Nein MALTS SIS ReseC eC Oc tchcuy Lr aU COTA hy (ty usb Pcs REAL gd Beet bbs wie ot Mek ne 
PLLA SANUS ghee enh rains GME Gi arate Mere gy.) ii iil i OH aki 1 Hipp atl Ti) GUD TAU RCE titra eat abet Hi Gaacbiles fot wy $ Fig ara RTI ACT aY TAL Wit) au Bee 
AD RL Mie iNet! instr mh Ah NRE CREUSET GTO Cragin ranean NERO ORAM ETUASUIAAMEOH Aa ACOA OLE Vas LEA 4a Tete Orhan tLiL ng wher com fee vaanlbl ed" 
Oat aban (i rhe Pera ls y if 4h BORGER Leite feeraitts Rriete poked pth ‘ a is meee i Din ht tic gut Bidets te othr as attri Fei hoWrhatetcen t Web nary Md ehy q s4u7 Lee, ASCO me (ell Mies tout 
Bite we George a Miepetay Gane 4 bret Pay NARS Maa ibate to PERPERU AG CUE aS bat Ui (buretes Ly ‘ vals Trae a Ree arb eer i, it Hs pe ett ipo}? BAD a petrol Ss Gy rh beer Oy? Ws ty bw a Ph alee POL kaa ea dee aa 
FOC tear tbe ‘af {i é ay : AN vith as a) Latee Orr wat iene . Ae OO iy a9 pie a $e (eae dy He he eat fina? avatar: Oe ATS AGS Raat Wis deze ASS Let Saat ‘ war iearetn(isureth 
ai ah hae t ited v Pn t te toy Sata thtity iehe 3 ROR ghigtvrtih ele ere srdpsee be uitiar grty Rete REM CGR COG tk eb) Gettin. 
Hey baht sich ‘ By aN ata) in tees iste "ilatwiee: Mideast sat Ais saa rt DRE a ita ane Cabral ase terete git ile (eri tiated SN UU don sant ta vrar | Aoerya Mang Vatew Sted EDA Wibte A 
f ! ' Asnenhe GERRI ro ( ‘ ae \ “t 
at uel aga inca eet vit Ry nochaat OH tas ia ait Ea aie Weurieuyt HEATH A eT GY NC til Tt Cast ho th Cuts Mdasheh soe be hgh aun bale ve | HER Hen re 
Uinta Euteck Gur acces tie ceMiMa CoC TUtALC Tar ESV PUlSHtO ML UESQ BOE 6c ea let tahs haut Lcd sonpe trad op tae a LAH i CHRTERC Lt LeU RU Guat eS RICE eC ENG a) PePILTADER Me AES Cate Loe Ny Sud Ser tvcebehnd Ae RM a SRD A va 
tet tarts rate ee STAIN UEC LTRS hele alee Libera Scere cc Vat: aes tae DOCH haat heh rhe A a ear Were Cee tau? ot shrctueras wh va Ale hebs bikes bd wis ski fee} hs Nama wpe 
¥ VER Walia’ gests pte Lik iF Nib a ideas bre aad ad t arts its ay Koay yD aed, Pa pnd VAVLDUU tel heerd pasar Moe alt NeLetarE a , : ty Sek bath, wrk v 
Chet bebe Mek eead Peat beer TA AW % pay ene | iit Ka enero it We ped) tirit br tre eet ay aee by Hy ye wi Na Hera cena Here UA eee ag eh dahe ane! 4 
Hite ate tUUn BREN TH a vit hs “ adh teak Ec tate ch Gist Teebrahy eek eb Ce het), itt ict Marae HG ret hy iene PRD PD eRe ae bear La 
etait MTCC eS AG ENaC ataruaciasens ice Lance PHEHTCe AeA Wat MUMEN Ore ALU hic cent UtUNa aL IN GAL ere ueetetey yO WCuac teat Este 
icy ‘ Hi ih mh ¥ ant ly tt ' His ha SC Mah striata itn yh pute PWUCtde pepe pet | ta trate fe Uaenihiitet: ie { hit Oat LEE aad ee Ta Prachaas aaNet: 
GALE A eke tied a HO Ad Hes bet iti fib weg : si ik TOs NY ONertie d i GMa cr ag Hee tg! Hi \\ Seithia? wie Eaves Hat Wi TRA td gaa Ae dared dae 
s as a ki att Widte 1 es An : ah) Labeds EQS ata aut tat arith ees lar ieee ne Hf Gareth Nase ue bre Gru g aby, ACEI T Ee bi Cifhiers 4 yt) (ys meek 
% Riaineuattiae tt + aati gait eit in ras +f } ‘t i, Lee Site GA ik TE bias ai feat id ry Cit aus Vieira) i r i! { cab 5 i) | Gayle BUST Seep ht 
: ois ak eri aa y if Reb SUT ANG) i th HY oh hug Seri ei 4 t ue Ga ty nid} i ty MieKHilerh r sh ARC Tec brivy i we ne Wei f Hae etn ' RYN 
eA fat ait } Ly Pita ti Mh. Like ah rans a it he Neeeky pled veatesgeag urn) tis, re tt soy Misa ieag |i er ye! So" firiy ul Fe broil; rept att eu 
Os bee 4: ites thera ie th Ni iterecae ee deans Muagn Se Ve ti bGn SUN CaPeS GRCSitLS AEM (Ueda Aly ea aL asst h Coe a 
: hat it Niet cat ie vi MK RCC HPLC TaN HARM CML Anette TU SUIT ROAM GTEGAIy (tL Ab RACING) BDC ERDAS PRN ae a BL 
TEC Ligvereogiprt Pe fede Neate tai ca ait He ay Ae a RE er ree Feb gineHe DNL StavRePbitid Gruner ea tance ete Sti CPA US ey hy 
ih ata wt Chieleveti tet tH q vbr eed $005 er nt. ne ae at deste yy PV iehte yee ee ieee ry MU SER Cryo ey th BORE Ett Coat ALL Ty eee Hi { ITER 
PUN Sass SOUT Os Reis MURA Paget ena HOG CHCARGHe SEN ERANRCINE SE TEM TOTE Lee teNe these i aerbTAr MASSE vrorarhay eadg on HOME! a AS Sa by aU 
Git Ba any ih Hoh hie iii ey ‘i! Irene ai Mi EPRARE AUN FTG Sena etre A DN Hath tey 
AHR oe Nne tat ATMA UUGMROLE RL PAL UGH CUlGea A LaSU A THe actus WHat ML Uy KU Tiee Rte Gag ASML CR Uva og Nt cies ce 
witanteale Jy Cart Tih | f nay Mee t Ny Hi fait ti hs EE haste eh! 1a se Us V4 Hr atta My i } Mite , HA ea twats i it Ae sepei), “Eyes E) \ 1 
i a eriaEhy ahh tris eG Cheha meeetcalt a ui {ibetet sheets a tast Uy, rides Met QH REM Revs hey Be Beri loreten ait Bt Mi SET PLATE NR EY fea ital 
Ty ty Ae air eieds 85 Pars hy bol f ahitetincti at Habs (ahiy ate) ted AD ie iiny haus Snr tha hy bees AV heheh st ASI Unley) 
cana Te ee a A a OO aR AOL AM NS RP RA A 
ni Ss Hirt: Geet play f ae dkny deat! ie he Gis dei Ce pis cue Neca aha inode Sf WH he dear esau hi fi 
Uy Ora it ied Raat tial ni at t Meshes ibe rye wrordeas Phy eo a ae bays | Epes Marites aati iit af ay ry 
pit real ity H tt uth y Meu { t Bvt aceth eyetrent evn BARE eli hy bal et ai Mai a ey Cy eh fe cite t 4 Ne sy CL nite peer Abie ke 4 es in ny 
eedice tt Hees ithe ph i pitta een os Ge WM are: tated medina ane Ue pA het nur ar Pb iW accra rey eral OAM At Ma edt Weare! ya 1} yh Peta thor 
+ Evel et tat tr sain bat a Ley Hie ct traeeits LGTY a Sah LOMGPE SL PIMC T SEC Gh if yh} vine te ear ar kobe ey ate ee et Lea 7) sb £ tt ") mats artes ns 
etital } ae tnt 14) se +h ey at Tr babetes Fe it PAS et Peta it a ‘ iit Nt Cera erie be Ue Lae Pea ata 5 eae es cvere taew 
iatutes Nt ud Widts \ * mh ald Vand doygo en te dry Fhe hes atte Mi Hes rit Hi ‘e a ‘he ( LOATH TRE Aerts euth Daa ee VAS elelaver at tt eh phy tel O55 i 
AVS an et Hien Cie CHE ICHUreD Et ESN OH ota Lea: Aenite Be OL REC SCI UE! hMertier MECC ore iby thcaat ht alate eave Treat): 
Pa i ie ae i it {hs if \ | HEMEL aT att i Re Pa ar at 5 ais Mr, 
i SiGe peuscserl sc tO et Raby eo ahaeeed Pate ed aceddy Le Roam Le By \ 
Th NDS ASSP EET Aabag ay i HE ide yeaunbefsgsiser stapes Ctyer 
ely ti Mi t tally a r {4 7 tat way RAVE Haves aay TE eS STV HW ta 
aka Feet lathertresy ib! MPtae AEG aH HA HEE PRAM neon POKUR aR Et oe 
ail f ie fh) 1 t Wty Beaten Cite re ith ASE Se tae 
{ Dp yat a mc Ved IM a ae i N C: Pa hene tie uit iT ve pt) 
we i { ai Rohe rat HEELERS TREE Wert) ye ow, i A Hy inte he he! Phebe b 
mas t Ce Weleht bil Darh ars aii i Wai ‘ Catia bit ai Gale Bt ny fein 
an tanta oN Wee CA ae RLU gt ease A fant 
REMEEA EST Ria ce Tee UeeMEO Ee idol keer etnies aeay ee a bse ta age eae hi PSS ee iy a re 
J sty Ht ti ‘Mut PINE Qeurriccie? yey 4 Aisne aa iba erit Vihit bb Debbie aA glee 4 
sleet kre een aG LC GALMGEMUE ACCOM nee HR LACT beara Dragteaplat tag 
Ga Rae Hae aC al ie ae Beran HL a AEA AE teen wet 
+} Sey fri peat it ert te ASG THe MAA) UALIU LO RGR eae ar ariek HUFUHDPLOT ETP MROR OR CREEPER CRO Le a UL et (ar here ity bid PUM URES RECTAN EARLE: Ret ott 
4 ep 4 ar Draks PORE Cue | i ‘ ; fi t JA Te i ay it hea TEL ara te | CE Ch bgy. ATTA OOP etn ie Eesaee ens } Wk 
LE Rh a eae ee Pain atte ssi SOCAN A un Ea PAG SMeCt Gl idee Dips 
neat arctan er ieta at neat Porcine cote tenets Le PWM arsist ste HOGER HE eta ebeAEOT DRL Wats Late RUM MCAT  cemedad lust GA OL eyagteesbunr a URSA HICH Hap Mt ait 
Neb an Hid Whit nt i ce Fas] Pants Utena yates 1) Rae LS aed y Wainy, Nias H \4 
& Chaceege, RATE ChEMeEhE it i MAGES 4 NEL OED PUI ti abe a ee hai Le ¢ AY Ihe ste Lat ND rey bey ery ( 
a pet ‘i Wt eitresd lett Gan PNG Metdcaree Crane cco mied CMR 4 18 A Neh Tess in| Ha i i 1B Uae V ky 
5 ie Hs i i ihe seceine ih Pata iek { rearib Ube} t it fit R fi eth ALECEG Cr ‘ N afng ee a Wi 
4“ At aU ores VEC ein: LRT a { Ae 4 us he Mf Hf Ha) Hn "i (st Me His ti " Pe ts oi +t A Ry a 
‘ ( i aeenvels Heb Md iPadese) iS) pubes REA ke tee va) WAN Li ia ithe nuk ara ba Rs ne eek 
Ca SEIU TNE NANTE SAA GUIS Aa Gt LRA tat Hae eat a Ig ‘Sian tan gt 
eat PNM e ae EEE Ata wai ee ft) Ve anaes CW ata Sy ISRO GOH Hot aden i NOS at Yeap ty iH 0 eae, 
‘ nt i) iit : Hela GH J ah Pattee i ttt ain lit i fh ei aa ee tt Ht a iat) h He i a { ce (a Fay Wai Meith ‘sf 
ett SUC CEO BAERS NTO Ene AMM WADARS act OE AU RRS RR RE ST RS eR 
ipso POATHALG LCA intr ey erg Ce oa Ha (ie POA ULI Ye WITH PROteatculL Ramat hyo tekot tuh inc ets CHL Ge TEHSS ARE NERC Oe hahtahs how BRC eats Char 
ledresk i i Waite narice rh ta Wen en eebs fit E ASE CERO UR SY HITE Mids OPO GT AT Me EE a Pa AE ene EM alent) ULL G Ebi torre Sclpset inh eae Hebe behy 5p 
Seb Ren Tae mi att Wet ser bad ates Bet atc bfiet peerre i) i LIDS Vi So pi a HY hat att ti Op WUE rE HATE earn if bly Mba c Pi) typ PCP rye Mita ay + it ee SE is tub oe 
Hath Cheon iy Hct We i sn) wn tit Hee Mange cl tity. CRC EN Min Pen OCHRE At a a ba RA MPE SS ara ny Bite a EG ee LEY Leth MATOS Lee hah i Ai ots 
i He otha : ‘t Aye Hoy { 4 6 { Bio Aerie a nit AUT Pam petty ee Ta se tbet t i i Was beat (hte t it set i (abit wea re bienyt i ar he? it Ubi tah ded Dh MAS a4 
prot Mie Gise te inet Paste eu MALT NL ie RAR Cee TRO OAC Bie Blites CR AMETEOTTL URMSLLeREATE TLRR MEE cere ae HA pet Cir Eee APE UUIVENG Ree SUM daB APPL Gay LAAT ae 
, Ae Bt Tayel, extent state e Crees BU eure Geurphepienes FFB CME: & alk Hield? POR ro, ECB rit gry EU Poe aed be oy tt i Age eet a a by Seite ti Rip 
{ Se bir t Paes t Hy , a) ah Huh, AURORE (ar Pe ie AST HCN ner be OTE bree mua enantTe mee MU TIRIMK OTe hy pral wy ay dude, ek teed 
ih ebeebt ates guetta ceatclgtit eta dar gie tatee cd goes ee Hatiatie Vara HAW UM ELM) eCPM IEH Bolt aL i eit et Ta eR ARM Lee ew LS SARE 
SPURS iil a sri UCR win ae CH AR RGM SRC ane SUA GTN Silane 
Heme Tee tele re ne ie! [iy AER UISTAC Dae RAR I ae RM SEB Pasbenes Cook amatn A et ASM SHC Wal unt’ Chg! Eve uh Pie aan aie] POP eh et sh G UEDA Cte Mee E® Pape tolokv th 
Witre Mhabares { : heAb atic 494 $4 he ie) ah ite et tee Haas a) Hae LAY yt Phones Sete aE hte st Ve THM Se ify th aR f Riteutnite HRA, POP eR EME DELS, aay ey AP occ nh Hinhod 
De wari ai 1s ‘i H} ve if rit DE Mae At Chat Er Wri te tT aad ve on {7 Oey fe Pr bnbede hy isa Poy hits youl NP aacieranet Wye tn tery b een thd Ooh fis HeSTUs pga Gane at) ptm tla br | La as bt 9 ed bead wa 
ei ites if) it tbh i +1 i : ell Me weit ee sift ah} Ht { aliit Bind Beta a ta AVERY it ee) ales ¢ it pig Tora tt Nae at Pty Wk Tidae etry ty Fide EO NA atin oe i 
brieresereicr tte telat Press ite! Tciteh ats Mee AED at Ny 140d Nf POG AS if 5 eee eit 14 oe Peet eeoWnttay chine Tae rir CCR Re en pp tee tut (Hy AK Mra ar teataiy at el ao ra peat TL SENS Wed Pe My) (t 
cei its i ay rhe ite ish hi i SRT A i} 6 bys bent revelet Yoe det SA PUK?| Th SE iy lA ep SLE Strate ide Bt Aa AgETY SC Scee br bra Pe) Ay ean FES av 
viceliiteteiniitette AT MRE URES RHR aed facet EL HiGBHOPMLOne HASTINGS uct ie SeUyseicobabceR ti AvejCatr cae ee eeyteM ted eRe Cad Cah Cc a RSA eine Me MRTR, Pode ae aRE MTs Matias 
ate bataritiey eS RY ab far gett AO ity Habntck ati i ht EVR Reon ity hy panne e Es Eg Psst org eet Ot nt Mtas Wbeahale et ay Pa eg} EAA LCM ETA AN ol hth IN pats 
tis 4 ba ae Greater tgty? A Hivseaitry wedi TPL SAAT ER ESGL Scan aH aie la he teased tT ee) { Wa PUAN t ababstnct rt : TEM a AVE ti ad a4 bak i 
fel ( fat { ne ed i} i Iii ii er ect (ie RADE Matt a Whi aft pet Hh stage bi Btyiy (ote 1: WA SENE Citr( het eta ot felts 
: ! Reitate tang , RAR UGE tie int euclateee’s atch eee ae i Hi) za Co yg ty DUETS ies if iF i “iit (! H Riante Heer eh eeeterd Vika atte teh ekuD: Het itera arty aati eraielait 
wil wll ay t ROK trGrt DUT 2 hy ft Reig Hee {ibs ty betekat eelel ! Site ay FRAC eet & f Aa Tot OY Rete Ute cenit iret ih rect es he NAOT heel? D sdial STUN 
Par abapstioen a) HAH Ra ; ony PINS 8 auntie fae Miia CU cent Wace tab hata at TAH ISTE CESS TM haar eV t) a vse hy) 
Me a i i aera He its é: iit i! ty Hasan Di if His es tigate Hy rect ef) AerenA Rsbs tata tte ey ey AU a i ; Mutt ti pda Mle 
i * 4 eS Te: ro : bite iy de ‘Ly | Ereeret ntaeh la ‘ i are | APs bode Tp et aS ¥) rp eg aw 
ih ith Atay i i i eth te Lf Naty if tite ail et at Mig if Meritt ee Shite : cay page t ‘it hs Be Ae aC aera ati tT art A ij 
ihe ean Abn ii AUC Gales Ht Wavtetcam tea tana Uitte GeaM cea ir tty Mise nt yh Cor RN (CGEM a 
ai 449% a pute ¢ x) A a hy tan fre: freed wit ppd (ie es i Sag ine ny 1) r AB) tide abode © Cy i ( is ‘ola ean CN Mi): 44h) £ 
HATED reat sth iSgaieinenesd Estideitarbeleeitae Hates tut) aes) ia ut Maga or ett tate telnet 
ha ¥ ‘ tal tile COMMA AALS VIN Tn Sahel yer were sey ere ; 
aa aia} duh v4 “ i i itt (eres ] ares rl a ah ite ine with t Ah ree ay riot ay) hi (" whe 
Wiha ae MCP ASHE oe ue a) th EAN Mala aE i tt 
CU a Mi f Ge ee \ aa hs Mand Vet) nok pat : Hawt jal f it PY if "5 ue ihe uae PA t iit AS: el ks 
tf Toate i it i HK} ry ereAts Ae) Be "t fia Wh phate Wl i due ati ty Cer aT PEA SeOK Vinearah heer PERLE 3/8 
; i ad He ecHiGea aia Pubeenees Phat tie (tie wit PEC UE ETS | TIE AN 
f bebe LF f APSA SLR H OCR Maria e avi dhrigert Prete i itt PEPER P AR cies statue Cdl CTA Fy 
aa Dah eid a st a ay i til ait ett i ec ck 
eRare tne wt hey ee CUTE es Hanne AURIS aeesP aa eaReR Aba Oe te 
i i ‘ nati tiabstie alrite Chee ral ay We ‘ 
? , UY ye 
Ag ty 


Hise i f ELETeUa tat Hite | Hay if 





it 

te eeehnet taOatlee Ub CtnetaiaS Utne gate CEU! 
HICCUPS On te MGR eee BE 
Lieteh cetet wal ts ay 


ans ap ener ekg eat 
st 2 —_ < 






























t Hig aint 
Upesatny eet aS Be: { 1 
ite {\ Fintan hi i UY itae 
4 ead el tad ay al y otal tiie! { y ’ ; rt i i / ‘e Whe 
‘ f i vd! 31 f oir tt) { a1 #7 oy be Or 
ba HCH GDA ae dlnmaheetad natalia nel cuntt 
dain Wi i aK ihe HES cus bli qibiiseay it wits rear reeset ity Aer ites Mt 
at iasobeiaties ei Mate Ht Seeehtleatiesen WMP Reet CaN nigh A SUC REG SSL nie Hes x 
Wa Cretotel it t Wee ie CRE Ole fe WAU tee | Piety poagy ty Laat UW ea A CO f Ay bah 7 oe 
fe i tly ns : o ad Hea Aa amet ate UU pana RM au SY SIMU Ss 8 
. ) ae an 4} Merete E Bnet ae Pay: pa yee i] tg 3 ’ etary Crib , y oh ; { ] 4 Fy m Ayal cf XK Ved } ’ i be Lim eit ie tC} 
HLS RE se (atiriit Weead UiienedeeSeat inne pees Ooty MCT Ere Cate Cae ie BRaRCoeteit Cast abit ay Ct) Teller i) Pub a Fhe as ery Gal he ae Oe 
Ab vr ity t Ppakal Se EVACESE Let Leathe at yy tae 0 ity! (rai rieeblet LAM Gee rad os Taare Oy Pa a f) BLE Oat Oe CURE RAS if Pees 1h ate tw ate t= 
c UA, PMR OER MA at rif reMURle Coe EHCP UE CIULA HM Mer at nat iCre) erg (erage PRY KAPUR ESepT rere Pm a Gee Se BLOG De 
aii atl Ht ay iit aan Ne Wea TCE Ue benenbeat eee itl NHASHTRERNAW PAY Onan eee acatate eit En Fees inca ep a Ty ute  Rg rth 
a it +} rte win if as (re HFA Hail ‘a iat ay Beet reaeateeet rs ACH Olga’ f et Aaa te ha ) ? vets : Me heii | bE Aa bey et eis Pe tae dy "f 
: ne i MARU RA AC eta tl a OR at Ca ri oie RR UY ie 
od art bres « fi ahi hit uhh fee: ati istit mi sia Oe ait cin tC Stas Dh fel a ate (3 ‘ DNs ty} a Fo treet hy Sah Meat Oval rit 
eit Hiatal tia (Wal witty fete MEERA Od NE PL eh LC a OPO th ite Ceres Cp Ne 
a ev ty. Lat ie re Bet eat tat kets SWUR beatae iene She hd ACT a eaee tt pe Roe hitiete if : + ii Pe iy ead 
A Faas & re a eK ah i Un tnt vit at gaa 3 ate n it Hone bgt reat cette! YAY AT ; orite: f (t ahh he oer n ba ; rel, Sf Ci 
pe rete ik PAVERS hia Ubvltentetei tet hau ge 8) Ci teC ccd tu CARICOM HAE LAH HHI HARE TaN Ge Heat cteenptacial a taabiey Hea Asi gto Ge tLe ttt Sob 
iS ro Ua i ee Pte oem Hee a, JABLW TERRY gs da Tan tee Heecidete cay Rete ‘f be Figr iol ui any Bad TAU ; 0 he gy pe es PLR bet ga Bias Anew eae Utube dates RES Oy 
AREA ‘ ' RECT a7 ara be Sd a ya by BA Ar (te YphraA ae PAA ea OM hae At } 4 i ivelyt Hh lg toy ar IK, 5 St al Pao a hepl ees 
Rcetigatie att A i uy Deane OD IG Lan ENA INSEE AAR LAME EAE AT eng Wn TMM I LTA GI UN ATTN Mr Opa aaaey 
ie! te Ay ca ) ifs EAT Eat rf Fae Pre iar shy 4) i th arias Cet aid ite F ise rf aes cH iter i 4 Were eG UEC tet es Cd Nf ai eh! rfte i uty , ne i ey Peltel { 
ita vele a trent Hat Chie vai ay beats (ts tute! baile HY hia ft AAN i) er f> \j it rT APEC yt ity bras § (ibe hae) Fi it Wie ( j Way f iy t meses 
Yee ar F etabor tines co teedinl eawt geet : Pvt) AARC LOHR P CE Ce FAVED init pee RAI C It gh catet ahs! fal mL ae Ch ee nyt 
et ) ' Lieere: ! ae f PART Wh Ol ae Pad a ayy aA bee Pes Bre : techy! yl Mad al faerie dt 
eae ee eat Tale A al ts EK vile tat MANE Heltah ty Hes ha i Ki i {nt ets fet ‘ny aris yy i ;\* ist a ue, shetty to o it ; 
iitete PIE to eherte POA gid aT SNC RIB? Creeper eet aati set ie yh are SUE PES CSA aa ees poke Sat OCA a py By } CA Paes aes 
iit ay Pe nb thre yoy Pane a ath aed iets ee Mi ree Me MD ep ( A Chats ratun hye eis hs yey hat ee Bre 
5 aay aay Dr yry PE eM Patter hag PAW its T408 By tar ap) i ian try ry Vie eee) if teeta Cee rrp ts he AU et ea hy Mie wa inte west a ie 
Cec Mian Mls i nee Pe) S43 ' base eiue By HY) : AL i in ait anh fags’ hab feet! vr iy nit! ‘ i" tye at Ke { yt PL We fi a ' ' ft a ‘ i iy tghet (ey 
ey Ky oe Ae tees rt} Ride bide taseepentaeat Berd: te R “is ie “al ie Vie! i gree rage reas ay ae eid 7c ky ae ek ed a Pes tora te pol od Pa t fy pelos 
ptt Catal lelatae tee net aha nrc itte et Ce ial eM ye artatet bl ot ATR aia a { Cith Ue hate Me Moe bees cee yay e9h RR CURT AR es Bila PLP dee Pe 
FOUR UMS mie ES REA ere TM ACARI ICG VEC Er Sti CHUM MR Ta RQ Me er tuted rt AR te Mae (1 (phd OCU Rae OCI NAR Rec CH ket tthe ela 
hay Hitique a Sk Gumi Aa ae vay AAR AG nth OM 1F ; AI et | Au ct eAT td my Wea ai | ea, | [i ee Yew { aye ; ’ at L f WP J. “of fi, ‘ 
ae eae en a Hetil gi Cel HK ye oo le if t it ine tis ie if fai taser Setrcatinecate Cyst ky ne a ( ( If ay, Ht Mey ayd Pet bnte naretgs ye re ug Cre rents ; hss Ait fie —- ‘ 
Perera ite vi) aie fit SAN ala AT ra DU SHO oa og OA BMA Ag AEN oe na US Oor YPN ML Agahe? BD I bi aeri if Daan Nest 
} Leech bt ‘ cea: Hit teeeie Casts (ad VEDA vat tarake Alba? eee ey mae a BOR rete ree ;* MA OP ep) ety bar t 
are a ‘ oe! ; A ‘ retin ate § ag eA TOT AN yt aa Os ae tteninoty : Poe ra Cre Cy “4 aie 
tie f le ; i‘ Adie i FY sft Taal BY ea Be ie Ae feet AN Hi aA Wike}y ri Tel dae ceeneerty ' Beh inn Cen Ay a ci is } ad) VOer aes My aa | of Paice fay 
eS iqaptr: if Rial)! ue 9 Ay Ay teutcat CRA edd ah rtehecin tte hata ah, Nein iy ’ Peg Bie he ite f iF ae fe Mya Mit ( I p< (-¢4 my é. 
Tatra itergs iti / p Cara ntat mal hie ot WOH OP tak BET PO ge NS FCAT da Meh y Perea e tal ye Fimabal i 0 ie as fie Oe Ua area’ aoe tee 
aie ’ eal FEF Une ; UP aie \ Hiei : rf Hic ate {; ews a tie i ae HE St erataty vis Perey! May HL § Ag Pd Hai WY iy ad . \ tee ; ’ , we } ff \ 
Dr tay Pret et tan y. yer Fi aL at tee sha ere Piel ui oye 1 +{¢ - i ) Re Al be “ ' . Pa ah al P| 
ts Ye 4 PAL aaa eh 4s) LaF ery iy, Wie if 7 if is iP ff wee The treat ‘itd et é of : nee an jh A mf “ ti¢ ’ yl : . a fh WV c . 
obit bi aL 1) Sehr ect th te ets toe gee 4 rae AMS aa Ls RACH Orr ayy ( (i hay he a al, ray Kite f) ! F eee Piel ite Cee eee ey oy ie ’ ve paw ry 
Ta isata ti! itr fi ihe i ee fy Part a Pala ia Cee ety, if TA GLa RAT aL na eet Chali kat 
fieesaitacats vi leceih tuctmenrie bre elatitalae att tite Na FAP a AEP Oe ES ate tet MECC vieere te tatie eR AUT are WA Se SE Ra Hy a oral 
ee eae aay - LRU AR! it) eR LEED hee eer ae GE dre eo 8 Oh Sole Pi ey Pehy {4 BEG! oe At tt wy Pe ‘+ - *) i Fark a j 
*¢ cheese ute Zaer ed jedeteeta aus ie AT Wisl4l jn te) feaers Cie nas wrneccag Ret omreere tf ihn te le Preity Pala hte s EGY : } $i te ag Pad Pal its (gt Ae ; 
CCT eed 15'¢ denidiecde Lie baba yee oi ne agri Pa Ted tke dines itthes Can erih Tat PS eee GUA Ps riety ur yh kei / ; Red fi ; oe pees 
Pie: shat WOR he eee 2 Sy is ie erts eptdy UP Atal ae cae ol r Me Med ar, wie . UE é es ; f , ' fet ; : 
UA ay Feats Cee ath ’ Mf ni pip uf rig’ sels fittest Hadest erry ar, f hh ne pone tet ee hates af pag oe ox at ee if ii D ree ee b f /! Oe bs dus ys 
"Aes dd) SEN Geter 6 iter iy ible fyi ha Hd OT Palade Ue a Mee ta bo PETES Pi WN UEP ay oat ees Sa etal fCue sare Pe Ib! wh a iJ 
ee iy a de te ahet Ute ie | Be ed rice ote pg ICM etait DE ae aT Rat ork red iy Hy AP Rt RS patriite ett NED Vacate AP fo Smet 
Pabethe pip Ph eF sp mais TAAL OTA stan des ay PAT rs ads rata are et ett t Aas Bed Ph f ‘ tor-phats® Mie : a ule Cer 
o SMES cael ae OT Tt PE Ia Re a rd ot er aly Hermie tt footer ti Ts Le a De a ae “bsp bate , Foe. let ecearelt 
‘ Sem ets es pie RPL cates ae de at La Lt i A eae ty ; es CP tes al . ; 
os y fede yp GAH ~s ; } ’ F Ae BL (reg ! fe Cy 4 : 


